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Serving the people of South Dakota through , 
Teaching, Research, Extension 
89th annual report 
(peri od end ing 
June 30, 1976) 
• 
• 
Published quarterly by the Agricultural 
Experiment Station , South Dakota State 
Universi ty. Brookings, South Dakota . This 
publication will be sent free to any resident 
of South Dakota in response to a written re -
q uest. 
T o simplify terminology, trade names of 
products or equipment are sometimes used. 
N o endorse men ts of specific products or 
equipment named is intended , nor is criti-
cism implied of those not mentioned. 
Material appearing in this publication may 
be reprinted provided the meaning is not 
changed and credit is given the author and 
the South Dakota Agricultural Experimen t 
Station. 
Vo l. xxviii , no. 1 
I • 
4,900 printed at est imated cost 






Agricultural research started when 
man appeared on earth and began his 
search for food, shelter and clothing. 
A more formal approach to agricul-
tural research began in the Old World 
long before it was given serious atten-
tion in America. But our founding 
fathers formalized a national prog-
ram designed to assist farmers and 
ranchers to meet their responsibility 
of providing food and fiber for our 
population . 
First, the Morrill Act of 1862 estab-
lished the land grant university and 
the teaching of subjects related to ag-
riculture and mechanical arts. Then 
the Hatch Act of 1887 established ag-
ricultural experiment stations. In 
1914 the Smith Lever Act set up a 
program designed to get the research 
information to those who could apply 
it. It is called the Cooperative Exten-
sion program. 
These three programs-teaching, 
research, and extension-make up 
the land grant college system. 
The Hatch Act provided for a grant 
of $90,000 to each state to establish 
an experiment station. South 
Dakota 's began in 1887, while we 
were yet called Dakota Territory. 
Additional legislation has in-
creased the federal appropriation for 
this program, but only the initial 
$90,000 remains free of matching 
funds or other obligations. That fed-
eral commitment ties state and reg-
ional research together on a national 
basis. 
Some of that legislation asks us to 
make an annual report. We think that 
is very appropriate. Th is issue of Farm 
and Home Research is an attempt to 
justify what we do and provide an ac-
counting concerning our resources. 
Funding 
Actually, funds from three sources 
support the work of your Agricultural 
ExperimentStation:federal (25%) state 
(63%, and grants and contracts 
(12% ). These percentages vary 
slightly from year to year mainly in 
relation to the amount of grants and 
contracts received . 
Federal funds include Hatch 
money and spec ial grants. When the 
U.S. Congress determines the total 
appropriation to be disbursed as 
Hatch funds, 20% is allotted to each 
state, 52% is allotted on a formula 
basis that involves farm and rural 
population in the state compared to 
farm and rural population in all of the 
states; 25% is allotted for regional re-
search projects and 3% remains in 
Washington to administer the total 
Cooperative States Research Service 
program. 
All monies in excess of the first 
$90,000 and the regional research 
funds (RRF) must be matched by the 
state. And 21 % of the RRFfunds must 
be used for marketing research in-
volving one or more other states. 
The U.S. is broken down into four 
regional research areas . South 
Dakota belongs to the North Central 
region along with 12 other states. Re-
search is conducted cooperatively 
with other states whenever possible 
to avoid duplication. We participate 
in a variety of regional projects and a 
few that are outside the North Central 
region. 
Federal funds are also granted to 
provide money for specific research 
projects such as beef production , 
soybeans, transportation, forage, and 
pasture crops. Categories vary from 
year to year. 
During the past fiscal year we re-
ceived two special grants-one for 
$146,000 to support our pasture re-
search center program in Faulk 
County and another for $120,000 to 
support a three-year project designed 
to search for causes of intestinal in-
fections of pigs. 
State funds are appropriated by the 
South Dakota legislature . The per-
centage of our budget supported by 
the state has been decreasing in re-
cent years. For exam pie, the 1976 
legislature did not appropriate any 
increase in budget ror operations and 
maintenance (O&M). The 1977 legis-
lature has provided a 4.7o/i increase. 
This comes at a time when inflation 
has been increasing very rapidly, as 
every farmer and rancher knows . 
While the state owns much of the land 
where agricultural research is con-
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ducted, we also rent land in some 
areas. 
During the past year our leases 
were renewed on three tracts of land. 
Our leasing costs went from $4.70 per 
acre to $10 on one parcel of land; 
from $17 to $27 per acre on another 
and from $10 to $20 in another Cj:lse. 
The new leases are very much in 
line with cash leases paid by others in 
the same area. Several items of 
equipment including some tractors 
are also leased. Leasing rates have 
gone up from 10% to 15% of the retail 
cost to as much as 20 and 30%. 
These costs come from our O&M 
budget. Obviously it is impossible to 
maintain a program at 1974 business 
expense levels. So some areas of the 
program have been dropped . . 
Sorghum breeding work has been 
eliminated. Several staff vacancies 
have not been filled or were kept open 
longer than anticipated or desired, 
and some lower priority research 
areas have had to take budget reduc-
tions. 
Grants and contracts, either from 
federal sources or private industry, 
are considered only when these 
funds will allow us to work on a re-
search project that had been planned 
or ·when they fit in well with some-
thing we are already doing . . 
This work must be relevant and re-
lated in some way to projects we al-
ready have or to an agriculturally re-
. lated problem that we face in South 
Dakota. We do not accept funds that 
would cause us to deviate from the 
goals and objectives of the Experi-
ment Station. 
Primary Mission 
The primary mission of the Agricul-
tural Experiment Station is to support 
South Dakota agriculture through re-
search activities. The work is service 
oriented, aimed at acquiring know-
ledge needed by today 's farmers and 
ranchers who operate in a complex 
management environment. 
Our overall mission is to enhance 
the quality of life in our state through 
the development of the most benefi -
cial use of economic, human and 
natural resources that we have avail-
able. 
We try to give the research program 
variety and balance. We believe that 
goals and objectives must change as 
the needs of agriculture and those 
who make their living by it change. 
So we ask for help in the process of 
continuously updating the research 
program . That help comes from our 
advisory board , from Extension staff 
members in the field and from the 
general public. We solicit this assis-
tance. 
Ray Moore, Director 
Agr icultural Experiment Stat ion . 
Agricultural 
Agricultural engineering is the sci-
ence of utilizing the forces and mater-
ials in nature for the benefit of ag-
riculture. The purposes, missions, 
and goals of the department research 
program are to carry out this 
philosophy as it affects man and his 
environment. Some of the ap-
proaches used are: 
1. To attempt to find solutions to 
immediate problems in a rela-
tively short period of time. 
2. To explore opportunities for ex-
tending research cooperation 
with industry across depart-
ment, college, university, and 
state lines as a means of accom-
plishing some of the needs of ag-
riculture. 
3. To take a realistic view of the 
coordination of research ac-
tivities by the problem-area ap-
proach with individuals, 
cooperators , and industry as to 
its compatability with the in-
structional and Extension prog-
rams of the University as well as 
working on the solution to a 
given problem. 
Engineering 
4. To expand research efforts to-
ward the development of the 
natural resources of the state for 
greater benefits for the citizens 
of the state. 
5. To select and have active re-
search projects that will result in 
both sociological and economic 
benefits to the state of South 
Dakota and its people. 
6. To expand the efforts and further 
emphasize the need for overall 
energy conservation and to im-
plement new projects in the uses 
of new energy sources, such as 
solar energy. This work is to be 
concerned with uses for people, 
animal environment, and grain 
drying. 
7. To continue to stress, cooperate, 
and work with in the Agricultural 
Experiment Station framework 
and coordinate with the 20 prior-
ity goals of the Station . 
8. To provide services that will 
eventually bring added health 
and welfare benefits to the peo-
ple, state, and nation. 
D. L. Moe, Head . 
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Trickle irrigation 
While trickle irrigation doesn't fit most 
crop production plans the system is ideally 
suited for orchards, vineyards, and truck 
gardens. . :\ 
The system consists of plastic tubing on I ) 
the surface of the ground which is either 
porous or has orifices along its length. 
There is very little water pressure in-
volved; the water merely drips or trickles 
into the soil. Water loss through runoff and 
evaporation are almost zero. Water savings 
can be significant; the only water that' s . 
needed is that immediately in the root 
zone of the plant. 
Carrots (Scarlet Nantes) and onions 
(Pedro Sweet Spanish) were trickle and 
sprinkle irrigated on 12-in rows in 1975 
and 1976. Trickle irrigated yields in 1975 
were 15 and 24% greater than sprinkle 
yields for onions and carrots, respectively , 
when identical amounts of water were 
pumped to the field plots. The actual water 
applied to the sprinkle irrigated crops was 
10% less than that for the trickle irrigated 
crops because of application losse s. 
Trickle and sprinkle onion yields were 
about the same in 1976 when the same 
amount of water was applied to the crops. 
Carrot trickle yields were about 5 % greater 
than sprinkle yields in 1976. 
Potatoes were also grown in 1976. The 
trickle and sprinkle yields were about the 
same for the Kenebec variety with an aver-
age plot yield of 27 T/A. 
Raspberry cane evaluation at the end of , 
the 1976 season indicated the trickle canes 
were smaller in diameter and height than 
the sprinkle irrigated canes; however, the . \ 
cane population was greater in the trickle r,J 
irrigated area. Production will be assessed 
in 1977. D. DeBoer, S. Chu , R . 
Peterson . 707 
Moving a center pivot between fields 
Because of the arrangement of their 
fields, some South Dakota farmers are able 
to trade off increased labor for a lower in-
vestment in a center pivot irrigation 
machine that they can move between 
fields. This 3-year study sought to evaluate 
yie lds and soil moisture levels when one 
machine is used on one or two fields. 
The soil was shallow and draughty; total 
available water con tent of the 18-in so il 
profile was 2.4 in . Corn yields were re-
duced from 133 to 108 bu/A when the one 
machine was used on two 120-acre fi e lds. 
Alfalfa yields of 5 .0 TIA were not re duced 
when one machine was used on two 
120-acre fields. Whe n alfalfa irrigation was 
stopped in early July, the yields of 3.9 TIA 
were lower than full-season irrigated 
yie lds (5.0 T/A) but higher than the dry-
land yields (2.6 T/A) . 
A management program that minimizes 
the amount of investment in equipment for 
each irrigated acre would be one where a 
fie ld of alfa lfa is irrigated until early Jul y 
and an adjacen t field of corn is irrigated 
from early July until the end of the growing 
season. D. D eBoer, S. Chu, E. Dowding. 
636 
Drainage in irrigated soils 
It is cheaper and fas ter to install shallow 




of a bi-level drainage system is an original 
SDSU contribution to drainage theory. 
The published theory was deemed reli-
able, and efforts are currently being made 
to apply the theory to practical drainage 
design. 
Hydraulic characteristics (which affect 
the rate at which water will flow) of two 
drain envelopes were evaluated under 
field conditions . No differences in flow re-
sistance from the subsoil into the drain en-
velopes were detected for a falling water 
table situation. 
Water quality measurements of drain 
line discharges were periodically made. 
No time trends have been detected since 
drain line installation in 1967. D. DeBoer, 
S. Chu. 658 
Hay harvest systems 
Comparisons between various hay 
handling systems may allow farmers to 
better determine the system bests uited to 
their operating conditions. Quality and 
physical parameters of three stacks of al-
faifa hay formed with a Hesston 30 system 
and of three stacks formed with a Haybus-
ter 1800 were studied over a 23-month 
period. 
There were no significant differences in 
hay quality as influenced by the stacking 
system, and quality remained fairly con-
stant in all stacks over the 23-month 
period. P. Turnquist, C. Krueger, L. 
Kamstra. 628 
Reduced tillage equipment design 
Significant reductions in energy re-
quirements can be associated with re-
duced draft forces on tillage equipment. 
Principles involved in the application of 
polymer lubricants to tillage tools are 
being evaluated. The chemical and physi-
cal compatibility of polymer lubricant sol-
utions, herbicides and/or pesticides and 
reduced tillage will be investigated. Field 
tests will be performed to evaluate effec-
tiveness and energy reduction. A drawbar 
force dynamometer was constructed to de-
termine forces on tillage tool surfaces. C. 
Johnson, P. Turnquist. 755 
Climatic resources 
Wind was an essential power source for 
early South Dakota fanners who needed to 
pump water for their cattle. With the de-
velopment of rural electric lines, soon the 
windmill was replaced by the more rel i-
able and convenient electrically operated 
pumps. Now, however, large wind tur-
bines are being proposed for various parts 
of the United States as alternate energy 
sources. 
There is evidence that South Dakota 
winds are a relatively good energy source. 
Wind velocity and direction data have 
been analyzed for Huron from 1940-1947. 
A site near Huron is being investigated, 
cooperatively with East River Electric 
Cooperative and the Energy Research and 
Development Administration (E RDA) as a 
potential site for a large-scale wind 
generator. W. Lytle. 565 
Weather information 
Soil temperature is an important factor 
in determining the proper time for plant-
ing. Planting too early can result in poor 
seed germination, while planting too late 
can unnecessarily shorten the growing 
season. To take some of the guesswork out 
of planting time, 13 stations in South 
Dakota take soil temperature readings 
twice a day and phone them into the Sioux 
Falls Weather Forecast Center. 
Specialized agricultural forecasts are is-
sued three times a week. 
Precipitation records have become part 
of the Climatic Data Bank maintained at 
SDSU with reports issued at the end of 
each growing season . W. Lytle. 291 
Farmstead power consumption 
The sun can be used effectively to dry 
crops and with a reduced monthly electri-
cal bill. 
A low-temperature-rise solar collector 
constructed around the southern two-
thirds of a circular bin can be an economi-
cal means of providing supplemental heat 
for drying shelled com in South Dakota. 
Comparisons of five types of low-
temperature-rise solar collectors indicated 
that bare-plate collectors can be just as ef-
fective as the suspended sheet types. 
Air heated with a 100-ft2 low-
temperature-rise solar collector dried hay 
faster during August than did an unheated 
air system. Air flow rate for the solar sys-
tem was approximately 50% of the un-
heated air flow rate. 
Three types of low-tern perature-rise 
bare-plate solar collectors were installed 
on a 50-head closed environment beef 
building. Data on collector efficiency and 
energy supplied were monitored during 
the winter months . 
For all systems, farmers or other 
operators have cooperated with the project 
by allowing the equipment to be placed on 
their buildings. 
A computer simulation model for pro-
viding least cost and minimum energy re-
quirement designs for livestock, heating, 
ventilation, and insulation systems has 
been developed and tested. Data are pre-
sented on the most economical means of 
insulation utilization. M . Hellickson, H. 
Young. 483 
Livestock waste disposal 
Animal wastes are not wastes if they're 
used properly. 
Plots receiving 45 MT/ha of applied 
waste produced more corn than plots re-
ceiving no animal waste; however, plots 
where more than 90 MT/ha of waste were 
applied showed a decrease in com produc-
tion . Increased salinity throughout the so il 
profile, partly due to the small amounts of 
water for leaching, contributed to the de-
crease in corn yields. Plots where 180 
MT/ha have been applied for 2 years are 
now saline throughout the plant rooting 
zo ne. Water infiltration rates were im-
proved for plots receiving 45MT/ha of beef 
waste but were drastically reduced in plots 
receiving more than 90 MT/ha. 
Livestock wastes collected in a settling 
basin used to capture runoff from a con-
finement beef system were found to b 
suitable for use in beef rations. Lagoon 
waters from several confinement beef op-
erations were analyzed three times during 
5 
the year for salinity and nutrient content. 
Land application rates based on waste and 
soil properties were made for several corn 
producers. J . Wiersma, A. Dittman. 617 
Incorporating livestock wastes into soil 
Livestock waste incorporated into the 
soil can not only provide needed fertilizer 
nutrients but it also can reduce pow~r re-
quirements when a farmer tills the field. 
Application of approximately 80, 120, 
and 240 metric tons of dry matter per hec-
tare and a control with no application com-
prised the series of treatments on an 
Egan-Wentworth silty clay loam for 3 
years. 
The soi l-to-metal friction angle was sig-
nificantly decreased by application of 
livestock wastes, up to 30% at the highest 
rate of application. The penetration resis-
tance was reduced about 20-25%, and .the 
plow draft was reduced about 20% in the 
soil treated with the highest rate. The soil 
moisture content at the time of tillage was 
higher in soil treated with livestock wastes 
and may account for part of the decrease. 
Soil temperatures were greater at depths 
greater than½ in by about 1-2° Fin the soil 
treated with li ves tock wastes . C. Johnson, 
P. Turnquist. 635 
Tractor cab comfort 
When a tractor operator is comfortable in 
his cab, he can work longer and more effi-
cie'ntly, and he will be less likely to have 
an accident. 
This continuing project found this year 
that warmer air temperatures in a tractor 
cab affect the heart rate, oxygen consump-
. tion, and metabolic rates of operators. 
Pu! monary ventilation was not signifi-
cantly affected by experimental condi-
tions. 
Comfort in a tractor cab during the sum-
mer can be predicted ~athematically. This 
provides a new and significant tool for 
proper design of tractor cab environmental 
control systems. P. Turnquist, C. Johnson . 
731 
Ventilation and animal environment 
Environmental conditions in livestock 
confinement buildings influence produc-
tion and worker comfort. Proper ventila-
tion system design is one of the most im-
portant factors in environmental control 
system design . 
Model studies of an open-front beef 
building indicate that wind direction and 
ridge vent design significantly affect outlet 
ve locity and that outlet ve locity is linearly 
related to wind velocity. Generally, better 
ven tilation performance was noted with 
baffled and open ridge vents and consis-
tentl y poorer performance was noted for 
covered ridge vent. 
\1ode l studies of manure pit ventilation 
systems for swine buildings revealed pre-
ferred ventilation characteristics using 
e ither a pressurized system or a centered, 
under-slat pit ven tilator and least desira-
ble characteris tics with a slotted pipe 
under-slat ventilator. Location of the baf-
fled cei ling inlet also influenced ven til a-
tion characteris tics . W. Hellickson, D. 
\1oe, H . Young. -174 
Animal Science 
It is a pleasure to conduct animal 
science research in a state in which 
70% of the total agricultural sales are 
from livestock and livestock pro-
ducts. The land, water, animal, capital 
and management resources of the 
state indicate that animal enterprises 
will continue to grow and develop. 
This may not be due to a large in-
crease in numbers but a more com-
plete development and processing of 
those animals and products which 
are now produced . 
More complete and efficient utiliza-
tion of feedstuffs for animals has 
been and will continue to be a major 
research effort. Particularly, more ef-
fort in the future will be directed to-
ward use of crop and animal residues 
and wastes. 
The animal traits which have 
economic value and are highly herit-
able have been studied with efforts to 
relate these back to applied usage by 
the farmer and rancher. Great strides 
in production efficiency can be 
achieved by selecting tor animals 
with superior economic traits. 
Range management knowledge is 
far greater than what is practiced. A 
major effort will be made to get the 
needed information put into practice 
by South Dakota ranchers. 
Meat research has been primarily 
of a cooperative nature in the past, 
involving carcass evaluation studies. 
A much greater need in processing 
and marketing has been expressed, 
and projects have been initiated to 
develop these areas. 
Totally, animal science research is 
designed to be responsive to the 
needs of animal agriculture in South 
Dakota. It has been stated that " man-
agement is the ability to use know-
ledge." We in animal science re-
search, teaching and Extension in-
tend to continue to help generate 
knowledge and then follow up to see 
that it is used to the benefit of al I 
South Dakotans. 
H. J. Tuma, Head. 
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Aspen for cattle feed 
Fiber for ruminants is where you find it, 
whether it is the form of cultivated crops or 
from trees. The same feeding problems 
also exist with both sources of fiber; that is , . \ 
the fiber must be available for ruminant ) 
microbial digestive attack and properly 
supplemented to correct nutritional de-
ficiencie s . 
Availability of aspen tree fiber and sup-
plementation was studied with growing 
and finishing rations in feeding and diges-
tion trials with Hereford steers during 
1974-76. Properly supplemented aspen 
tree (entire tree) fiber served to replace 
traditional roughage in all rations tested 
with no loss in animal efficiency or weight 
gains. Slaughter data were also compara-
ble to rations containing traditional 
roughage . No objectionable flavor was 
noted with any aspen-fed animals. 
During the winter of 1976-77 an "on-
the-ranch" demonstration, in which 
aspen-based maintenance rations are 
being fed to bred stock cows, has pro-
ceeded satisfactorily. In the demonstration 
on the Healy Ranch, Pukwana, three 
groups of animals receive either a pelleted 
(60:40 aspen-alfalfa) ration, an aspen si lage 
(88.5% aspen, 10% corn, 1 % limestone, 
0.5% urea-supplemented with SBM to 7% 
C. P. ) or mixed grass hay. E ach ration is 
designed to contain approximately 7% 
crude protein. L. Kam stra, H. Schroeder, 
C. Streeter. 683 
Feed processing and storage 
You can'tjust throw out a bale of hay and 
a block of salt to feedlot cattle. They need a 
sophisticated diet, where not only the . \ 
kinds of grain, roughage, and supplement, 1) 
and their proportions are important, but 
where the particle size, density of the pro-
ducts, alterations in chemical structure, 
degree of fermentation or predigestion, 
and moisture content also make a differ-
ence. 
During thi s reporting period, monensin, 
a feed addi tive, was tested for cattle in high 
roughage growing rations and in finishing 
rations with high levels of corn grain. 
Monensin at 30 g per ton of air-dry ration 
was more effective than at lower leve ls. 
Improvement in feed efficiency from 
monensin amounted to 10.4% with high 
roughage rations and 6.8% with high grain 
rations. Cattle fed monensin consumed 
less feed than controls but gained at about 
the same rate. 
Previous studies with dry and moist 
grains (corn) and forages (alfalfa-brome ) 
with feed lot cattle were ext nded to feed-
lot lambs. Dry corn had an advantage over 
high-moisture corn with low levels of 
roughage (about 12% of dry diet). There 
was little difference between dry and 
high-moisture corn with higher levels of 
roughage (about 35o/t of ration dry matter). 
Lambs fed reconstituted haylage (about 
48o/t moisture) gain d faster and mar effi-
ciently than those fed hay, especiall y at the 
higher level of roughage . L. Embry, R. 
Luther. 512 
Nitrogen supplementation . ) 
attle respond to nitrogen depending on 




feed they' re getting, and their stage of 
growth. 
This year's project results show that urea 
as the only supplemental protein to corn 
silage resulted in lower rates of gain for 
calves during the first month, but was 
about equal to the same amount of protein 
from soybean meal after thi s time. In the 
presence of monensin (Rumensin), the re-
sponse to supplemental protein was less 
with a smaller difference between soy-
bean meal and urea. The results indicate 
that monen in improved utilization of 
nonprotein nitrogen in the corn ilage 
growing rations. L. Embry, R. Gates, R. 
Luther. 699 
MHA and beef cow performance 
In general, the addition of MHA to cow 
rations had little or no effect on rate of gain 
or weaning weight of the calf. 
This was observed in 3 years of work. 
Spring calving cows of the Angus, 
Hereford, and Shorthorn breeds were di-
vided each season according to age and 
breed. In the first 2 years half of the cows 
were fed 10 grams of MHA per head daily 
from about Feb 20 through May 21. The 
remaining cows were fed sodium sulfate in 
an amount that was equal in sulfur content. 
In the last or final year, 5 grams of MHA 
were fed. W. McCone. 662 
Feeding and managing beef cattle 
Large-bodied cattle capable of making a 
fast rate of gain benefit more from high-
energy rations than do small-bodied cattle. 
Large cattle consumed more feed but 
showed little difference in feed efficiency 
compared to small cattle. 
Cattle responded to implant treatments 
of diethylstilbestrol, zeranol, and 
Synovex-S with better weight gain and 
feed efficiency during a growing phase 
and during finishing when treatments 
were reimplanted. Type of previous im-
plant does not appear to affect later re-
sponse, but time interval between implant 
and reimplant may affect the degree of re-
sponse. L. Embry, W. Costello, R. 
Gates. 660 
Mating and management systems 
for commercial beef 
Simmental-Angus and Hereford-Angus 
first-cross females were compared for re-
productive performance and beef produc-
tion under two levels of nutrition on native 
range. Yearling heifers were bred Al to one 
Angus bull. 
The first calf crop showed no difference 
between breed types on percent calves 
weaned. Calve · from -A cows weighed 
1.4 kg more at birth and 25.5 kg more at 205 
days. "Flushing" cows before breeding 
season while on good native grass did not 
increase conception rate. 
There is no difference in reproductive 
performance of Angu -Hereford crossbred 
cows under dry lot or pasture management. 
Weaning weight of pasture calves was 12 
kg heavier than drylot creep-fed calves. 
Charolais-sired calves were heavier at 
birth and at weaning, gained faster in fee<l-
lot, had heavier carcass weight and higher 
yield grade , but similar quality grade com-
pared to Angus- and Hereford-sired back-
cross calves. G. Deutscher. 700 
Physical and chemical properties 
of ruminant diets 
Roughage additions and protein sup-
plementation improved weight gain and 
feed efficiency for ruminants during the 
first 1-2 months of dry lot feeding. After this 
time, there appeared to be no advantage 
for supplemental protein except in rations 
with wheat straw. There were only small 
differences between cattle fed straw and 
supp lemental protein and cattle fed 
bromegrass-alfalfa hay without supple-
mental protein (about equal protein 
levels). Over the 140-day experiment, 
wheat straw or hay in rations resulted in no 
savings in total concentrates in comparison 
to all-concentrate rations. L. Embry, R. 
Luther, R. Gates. 698 
Range condition 
Usually cattle are placed on feed at 
weaning in the spr.ing and at the beginning 
of fall. A more economical system would 
be to use pasture in the spring and fall as 
well as during the summer, providing that 
the range condition would not deteriorate. 
Steer calves are wintered at low to mod-
erate rates of gain, spring grazed on 
alfalfa-crested wheatgrass pasture, sum-
mer grazed on range pastures in different 
range condition classes, and fall grazed on 
Russian wildrye with an energy supple-
ment. 
Drought during thi s reporting period 
lowered th e weight gains of 122 
Hereford-Angus yearlings on the summer 
pastures in all range conditions, but 
weight gains were similar. Stocking rate 
was generally proportional to the class of 
pasture used. J. Lewis, R. Smrcka, L. 
Blome. 708 
Feed processing 
Does the feeding value of corn grain 
harvested at high moisture and dried by 
different methods or preserved with or-
ganic acids vary enough to make an 
economic difference to the beef producer? 
Steers gained about the same when fed 
conventionally dried, so lar dried, or acid 
treated corn. Cattle fed solar dried and acid 
treated corn consumed more feed than cat-
tle fed conventionally dried corn. There-
fore, somewhat lower feed requirements 
were observed with the cattle fed conven-
tionally dried corn. R. Luther, L. Embry. 
738 
Marketing grains and forages 
through cattle 
The ultimate goal of the beef producer 
and the researchers who support him is to 
get the optimum quality and quantity of 
finished beef off cultivated land without 
diminishing the future productivity of the 
soil. To that end, the following year's re-
sults are reported. 
Yearling steers may be fed ton arly 1000 
lb feedlot weight before changing to a 
high-grain finishing ration without an ap-
preciable reduction in o erall weight gain 
and with a high grain-replacement value 
for corn silage. Corn silage rations beyond 
1000 lb resulted in lower overall weight 
gains and lower grain-replacement value 
for the corn silage. W. Schneider, L. 
Embry, F . Shubeck. 739 
7 
Beef carcass evaluation 
The long-range goal of this project is the 
development of a direct, semi-automated, 
computerized system to estimate boneless 
wholesale cut weights and lean meat yield 
from intact carcasses on a moving rail. 
Fat and lean area measurements on the 
negatives of the beef rib eye photos using 
equipment available at the Remote Sens-
ing Institute have been completed. W. 
Costello. 686 
Fabricated meat-product characteristics 
A new concept in meat processing in-
olves flaking fresh meat and forming the 
flakes into fabricated meat cuts with pre-
determined specification s of size, shape, 
thickness and fat content. Many of the fast 
food chain are utilizing these techniques. 
Effects of variables including form~ng 
pressure and temperature, fiber direction, 
additives and flaking conditions ·on the 
yield, color, texture, acceptability and 
other characteristics of the final product 
will be evaluated. W. Costello. 761 
Beef cattle breeding 
Efficiency of the beef cow is still the 
focus of attention both at the main station 
in Brookings and at the Antelope Range 
Livestock Station at Buffalo. At Brookings 
individual feed records for cow and calf 
indicate no difference between large and 
small cows in feed requirement to produce 
a pound of calf at weaning. Even though 
larger cows require more feed for mainte-
nance, they produce enough more pounds 
of calf to make the pounds offeed required 
per pound of calf equal to the small cow. 
They have the further advantage of less 
variable cost for a given level of calf pro-
duction. 
Producers interested.in predicting effi-
ciency of the cow should find actual wean-
ing weight and age of the calf the best 
predictors. Recent studies show that the 
ratio of calf weight to cow weight is some 
8% less efficient and the ratio of calf 
weight to metabolic cow weight 2% less 
efficient. The 1975 Cow Calf Field Day 
Proceedings has the recommended pre-
diction equation. 
At the Antelope Range station crossbred 
immental x Hereford cows have out-
produced straightbred Hereford cows in 
the first3 years ofa continuing project. The 
crossbred cows produced 15,200 pounds 
(38%) more actual pounds of calf over the 3 
years with about one-half of this coming 
from 80-16 average heavier weaning 
weights and the remainder from a slightly 
higher reproductive rate and lower culling 
requirement. Fewer cows needed replac-
ing in the crossbred group. Fifty heifers of 
each breed were purchased to start the ex-
periment. C. Dinkel, M. Brown. 167 
Insects on cattle 
Cattle that must fight heavy fly infesta-
tions will not put on the gain a producer 
wants. Treating for insects on the range, 
however, has been costly in time and labor 
involved. 
A pour-on of Lysoff reduced horn flies 
drastically for 21 days, but at 28 days, fly 
numbers were back to pretreatment levels. 
No toxicity or adverse effects were noted. 
The 104 animals were treated in a single 
file type chute in about one hour. The mix-
ture of cream-like consistency did not ap-
pear to run off in this backline treatment. P. 
Kohler. 689 
Operations research for 
I ivestock enterprises 
A model of postweaning beef cattle per-
formance from voluntary feed consump-
tion through growth to composition of the 
carcass has been completed. A computer 
program will take specifications of breed, 
type of ration (varying roughage and fiber 
content), and weight of animal and predict 
feed intake and carcass composition at a 
specific degree of maturity. This program 
will form an integral part of the overall 
beef industry model currently being de-
veloped. C. Dinkel. 685 
Supplementing low-protein layer diets 
One way to identify the amino acids 
which are important in poultry diets is to 
dilute a typical diet with glucose, then 
selectively add acids and watch perfor-
mance. 
Pullets at 20 weeks of age were fed diets 
of 13.9 or 16.0% protein and 2500 or 2900 
cal ME/kg in all combinations to 44 weeks 
of age. At this time and through 80 weeks, 
half were restricted to a 3 pm to 7 am feed-
ing time each day. Lower energy, lower 
protein, and restriction reduced produc-
tion by 2.6%, 4.8%, and 3.4%, respectively . 
The effect of restriction was more severe 
on the low protein than the low energy 
diets . The restriction reduced feed intake 
and improved efficiency by only 4%. Egg 
size was not affected. 
Pullets of three strains were grown from 
10 to 20 weeks of age on 10-1900 (protein-
energy) or 12-2900 diets and equal num-
bers then fed 12-2900 (with lysine and 
methionine) or 16-2900 layer diets. At 44 
weeks of age, half were restricted as above . 
Grower diets were without effect, one 
strain laid and lived better and were more 
efficient, and hens on the two layer diets 
performed similarly. Restricted feeding 
time only restricted intake by l to 2 grams 
daily. Production was not significantly al-
tered. 
Pullets of three strains were fed 10-2900 
or 12-2900 layer diets, cumulatively sup-
plemented in order with lysine , 
methionine, tryptophan, isoleucine, and 
valine, and compared with a 16-2900 diet. 
No differences were noted for any of the 
12-2900 or 16-2900 diets. The 10-2900 
basal diet supported poorer production. 
Responses were noted from lysin e, 
methionine, and tryptophan . Isoleucine 
was detrimental. The effect was corrected 
by valine. Strains responded differently to 
amino acid inadequacies and supplemen-
tations . W. Carlson, 0. Olson. 560 
Low protein with amino acids 
for young turkeys 
A low protein series of diets with lys ine 
and methionine were fed to turkeys from 
day old to market age. Treatments were 
basal, 120 ppm copper as CuSO4, Nystatin 
at 50 ppm, and copper plus Nystatin. Pro-
tein was stepped down at 4-week intervals 
from 23% to 12%, with energy constant at 
:2800 cal \IE/kg . 
At 16 weeks, the hens showed a signific-
ant growth response from Nystatin over 
copper, whereas at 24 weeks the toms 
showed a growth response to copper with 
intermediate performances for Nystatin 
and the combination. 
Feed efficiency was improved by cop-
per at all levels. Only one aortic rupture 
was encountered, that on the basal diet. W. 
Carlson, E. Guenthner. 573 
Genetic variation influencing 
economic traits in poultry 
The project was initiated to increase un-
derstanding of inheritance in poultry, in-
cluding the causes of selection plateaus, 
selection limits, and genetic drift. 
The principal investigator was on leave 
during the year. W. Morgan. 637 
Causes of FLHS 
The project was set up to detennine the 
. effects of diet, strain, and stress in inci-
dence of fatty liver hemorrhagic syndrome 
(FLHS). 
Force-feeding caged hens up to 140% of 
their normal feed intake resulted in de-
creased production and increased body 
and liver weights. Force-feeding 
isocaloric com-soy diets with or without 
choline or biotin gave similar results and 
increased liver hemorrhages. W. Carlson. 
740 
Eggshell thinning 
Nationally, 10% of the eggs sent to pro-
cessing plants break during handling be-
cause of thin shells. The eggs can be used ' 
in byproducts, of course, but the check to 
the producer is less than hoped for. 
Somewhere in the metabolism of cal-
cium there is a failure. An attempt to get at 
that failure during this reporting period 
involved cutting feed intake of laying 
hens. 
Protein was reduced from 16 to 12% and 
feed was restricted . Reduced production 
was obtained, but no differences in shell 
thickness , breaking strength, or other 
parameters were noted. C . Carlson, 0. 
Olson. 709 
Range improvement techniques 
A large percentage of South Dakota 
rangeland can be made more productive. 
But not every recommendation works for 
every range si te, and depends on precipi-
tation, so il and the livestock operation on 
it. 
Deep ripping of claypan range sites in-
creased total forage yie lds over those of 
untreated plots. Intervals of 2 and 4 feet 
be tween ripping made no difference in 
yie lds. Ove rseeding with swee t clover or 
western wheat grass or adding 40 lb of 
ammon ium nitrate did not increase yields 
over ripping with no amendments. The 
green forage period was decidedly ex-
tended by deep ripping. \itany claypan 
soil s ripped 5 to 10 years ago still display 
treatment effects. F. Gartner, L. Roath . 701 
Burning management 
Reduction of pine reproduction with fire 
led to increased forage yields. Prescribed 
burning has both increased and decreased 
forage yields, depending on the season, 
stand composition , and postburn precipi-
8 
tation . When soil moisture was deficient, 
fall burns reduced plant vigor and surface 
soil organic matter, and increased soil and 
soil water losse s. Burning in fall, winter, or 
spring greatly reduced density of the un-
desirable annual invader Japanese brome, 
while western wheatgrass density in-
creased. 
There are indications that a livestock 
producer can get greater profits, based on 
current lease rates for deed land, after pine 
removal by clear cutting and/or burning. 
Guidelines for burning in Ponderosa 
pine-grassland and grassland vegetation 
types were developed and are being 
utilized by state and federal agency per-
sonnel. Formation of the Black Hill s 
Inter-Agency Prescribed Burning Coor-
dinating Committee has occurred as a re-
sult of the project and has led to agency 
cooperation in large-scale burning. F. 
Gartner, E. White, L. Roath . 661 
Increased lamb production 
Feed a ewe lamb right, and she will 
breed and lamb earlier, and you will have a 
more profitable herd. 
Collection of data through weaning of 
the first lamb crop has been completed for 
approximately 600 ewes born 1971-1975. 
Analysis is in progress. 
Thirty-five percent of the ewe lambs ex-
posed at 7 to 8 months of age lambed in 
1976. A higher percentage of those de-
veloped on the high-energy ration lambed 
than those developed on the moderate , 
energy ration (50 vs 20% roughage). In ad-
dition, ewes on the high treatment had 
more lambs per ewe lambing(l.33 vs 1.17). 
Percentage of ewes exposed that lambed 
was lower in 1976 than in previous years. 
Breeding was attempted approximately 2 
weeks earlier in this case and may explain 
the lower percent lambing. L. Slyter. 582 
Range lamb production 
The project examined the market accep-
tance and carcass quality of lambs pro-
duced under various management sys-
tems, from entirely range raised to finish -
ing on high energy rations in drylot. 
Lambs on sorghum-sudan pasture and 
moved to improved range after 3 weeks 
averaged 4.2 kg with only 54.5% of the m 
weighing 41 kg or more August 9. Drylot 
lambs averaged 46.6 kg with 87.5% being 
of finished marketable weight. Ram gains 
appeared to surpass wether gains in both 
treatment groups, and Suffolk-Targhee 
crossbred lambs were heavier th an 
straightbred Targhee lambs. L. Slyter. 684 
Environment and management 
interactions 
How he is housed and managed has an 
effect on a pig's efficiency on any diet. 
Diets with 4 and 6% bloodmeal were 
equal to the basal corn-soybean meal diet 
for growing pigs. Pigs fed diets with 8o/c 
bloodmeal gained slower and required 
more feed. During the finishing period, 
bloodmeal at 5.5% of the diet replaced all 
of the soybean meal, and performance of 
pigs was similar among treatments . 
With formulation of diets to contain 
equal levels of lysine, either blood meal or 
meat meal cou ld replace half of the soy-




constitute 60% of the supplemental pro-
tein in diets where the remainder of the 
supplemental protein is soybean or meat 
meal. 
Pigs from 80 to 220 lhs housed in open 
front buildings with feed and water in out-
side concrete lots gained fas ter and re-
quired less feed per gain than pigs housed 
in a totally enclosed, slatted floor building 
<luring mid August to mid November. R. 
Wahl strom, G. Libal. 688 
Nutrition of sows during reproductive life 
Since feed is expens ive, how little can a 
producer get by with, and stiil have satis-
factory reproduction and longevity in his 
herd? 
Data were obtained on 58 farrowings 
from 32 sows to study the effect of protein 
level during gestation and lacta tion. Nine 
and 15% protein diets were fed during ges-
tation with half of the sows on each gesta-
tion treatment given lac tation diets of 12 or 
16% protein. Sows were fed 2 kg dail y dur-
ing gestation and full-fed in lactation. 
Sows fe<l gestation diets containing 15% 
protein weaned more pigs and litters of 
more total weight than sows fed 9% pro-
tein. There were no s ignificant differences 
in performance of sows fed 12 or 16% pro-
tein diets during lactation . R. Wahlstrom, 
G. Libal. 608 
Physiology of reproduction 
Sperm from several sources were 
studied to determine pregnancy rate, 
number of embryos, oxygen consumption, 
pH, motility, and dead spermatozoa. One 
Hampshire and one Yorkshire boar were 
used. 
Pregnancy rates indicated no difference 
between gilts inseminated with mixed, 
Yorkshire, or H ampshire semen. The 
mean number of embryos present at time 
of slaughte r for gilts bred with mixed 
semen (9.8) was greater than for gilts bre<l 
Botany -Biology 
Tissue culture for plant breeding 
Mother Nature takes her own sweet time 
in producing he r next generation of p lants. 
For endangered species, or for horticu l-
turi sts producing a new varie ty, she may 
be too slow , and the possibility always ex-
ists of some natural calamity-drought, 
disease, a hungry animal-wiping out a 
plant with desirable genes that should 
have been saved. 
A way to speed up the process is to take 
the plant, or parts of it, into the lab, cut it 
into pieces, and grow comple te new plants 
from cuttings of stems, flower parts, or 
leaves . The new plants will have exactl y 
the same genetic makup as the parent 
plant. 
Cloning of 10 geneticall y superior plants 
of Sorghastrum avenaceum was accomp-
lish ed by tissue culture. Switchgrass reacts 
more se lectively to tissue culture, but can 
be propagated. Tissue culture appears to 
Chemistry 
Selenium 
For many years selenium was a 
villain-it was the reason for "alkali dis-
ease" in farm animals. It is found in some 
soils, is taken up by plants, and then in-
gested by animals who can deve lop 
selenium poisoning. 
Now, however, it's known that selenium 
is actually essential in the diet. This pro-
ject is concerned with the biochemical 
pathway through which selenium is 
be an ideal method for rapid cloning of the 
daylily Hemerocalli s flava. C. Chen, J . 
Ross, N. Stenberg. 673 
Saving endangered plant species 
As a result of this project, South Dako-
tans are coming to realize that not all en-
dangered species are animals. A total of 
nine National Natural Landmarks in South 
Dakota have been designated. During thi s 
repo rtin g period, five rece ived 
designation-Red Lake, Cottonwood 
Slough, Lake Thompson, Cathedral 
Spires, and Bijou Hills. Work is continuing 
on a 400-acre si te in the g lacial Lake 
D akota bas in near Redfi eld. D. Holden, J . 
Wassom. - 641 
Nuisance algal blooms 
Just abou t everyone knows what an algal 
bloom on a lake is. It' s the green scum in 
metabolized in living ti ssues, and this year 
the work on the excretion of a form of 
se lenium by hamsters, sheep, and pigs 
continued. 
Studies are also being conducted in 
cooperation with the South Dakota 
Geological Survey to determine the con-
centration of se lenium in ground waters. 
Over 80% of the selenium in these waters 
has been shown to be in the form of se le-
nate . A strain of bacteria, isolated from 
9 
with Hampshire (6.4) or Yorkshire (5.7) 
semen. L. Slyter, D. Levis . 591 
Swine nutrition 
E ven high-protein grains may lack some 
of the amino acids needed to put weight on 
swine. Oats is a good source, and the pro-
ject determined just how much of it can 
replace other protein sou rces. . 
Using opaque-2, double mutant corn or 
high prote in oats in the diets of 599 pigs 
resulted in a decrease in the amount of 
supplemental protein needed. High pro-
tein oats replaced 50% of the corn (40% of 
the starter diets) with no effect on gains; 
effects on feed efficiency were inconsis-
tent. Diets of 10 and 20% Spear oats in-
creased gains, and levels of 50 and 60% 
oats decreased gains and increased 
feed/gain. Approximately 5.5% less sup-
plemental protein was needed with each 
increase in level of high protein oats. Ten 
pounds of oats replaced 8 .6 lbs of corn and 
1.4 lb s of soybean meal. R. Wahlstrom, G. 
Libal. 687 
the , summer that coats fishing lines and 
d rives swimmers a_way, and it doe n't smell 
good either. 
In some lakes the bloom may not be so 
se rious as in others. There are various 
reasons for thi s, but one may be that the 
algae are being grazed, just as cattle graze 
pasture. The herbivores are zooplankton, 
free-floating microscopic animals. 
Algae may be depleted by grazers at one 
time (or in one lake ) and aided b y the pres-
e nce of graze rs at another time (or in 
another lake). Depletion is presumably by 
grazing. Enhancement could occur when 
the cells were protected from dige stion by 
muci laginous sheaths and enriched in nut-
rients by the feeding and excretory ac-
ti vities of the grazers. 
Gut con tent analysis of the zooplankton 
showed many algal species and feca l pel-
le ts, many without noticeable digestion. L. 
Haertel. 668 
se lenifero~s soil, is being studied. I. 
Palmer, 0. Olson, C. Carlson. 508 
Mercury in the environment 
Mercury is toxic, but how is its toxicity 
affected by other compounds? 
Interactions between dietary methyl-
mercury, se le nite, and arsenite were 
studied with broiler-type chicks from the 
time of hatching through 7 weeks of age. 
Weight gains were not influenced by any 
single element. However, the combina-
tion of mercury and selenium appeared to 
reduce weight gains. Selenium lowered 
mercury accumulation in most tissues , 
while arsenic gave an opposite effect. 
These data obtained with rapidly growing 
.broiler chicks are inconsistent with the 
lower mercury toxicity and greater tissue 
mercury levels previously associated with 
dietary selenium in laying hens. R. 
Emerick, I. Palmer, C. Carlson. 589 
Pesticides in the environment 
A procedure for the analysis of Lasso 
(alachlor) in corn and soybeans was com-
pleted and published. Work on the 
analysis of 1080 in blood and on crops is 
still being conducted. Radioactive labeled 
1080 is being employed to determine los-
ses of the material in each step of the pro-
cedure. Concentrations of metals, or-
ganochlorine insecticides, and polych-
Dairy Science 
The major objective of dairy sci-
ence research at SDSU is to gather 
new knowledge which will be benefi-
cial to dairy farmers and processors 
in South Dakota. When new projects 
are proposed and planned, sugges-
tions are sought from Extension per-
sonnel, dairy farmers, and dairy plant 
operators. 
The current emphasis in produc-
tion research involves (1) brown mid-
rib corn, a new variety of corn which 
contains more digestible nutrients, 
(2) dairy cattle breeding, in which a 
comparison is being made of breed-
ing for type vs breeding for produc-
tion, (3) large dairy herd manage-
ment, where colostrum is being 
evaluated as an economical feed and 
types of housing for dairy calves are 
being studied, and (4) the uniqueness 
of the nutritional requirements of 
high producing dairy cows. 
lorinated biphenyls were determined in 
South Dakota gulls, coots, starlings, and 
crows. Y. Greichus. 697 
Mineral nutrition in livestock 
Minerals added to livestock feeds can 
alleviate certain nutritional diseases. 
Sodium bentonite, sodium bicarbonate, 
and a combination of these were incorpo-
rated into high-concentrate lamb diets at 
levels of 2% each. The 254 lambs were 
given full access to the treatment diet · 
without prior adaptation. A 19% death loss 
from acidosis occurred in the lambs that 
did not get the additions. Only 3% died in 
group fed the compounds singly; and 
complete protection from death losses was 
achi~vec;l in lambs fed the combination of 
bentonite and bicarbonate. Weight gains 
calculated after a 75-day feeding period 
were not influenced by the treatments. 
Ground limestone was fed at levels of 
1-4% to 160 lambs . Deaths due to acidosis 
Dairy manufacturing research in-
volves (1) a study of milk composition 
in South Dakota to provide composi-
tional data which has not been up-
dated since the 1930's, (2) factors af-
fecting flavor of butter, (3) the possi-
bility of improving yields of cottage 
cheese and cheddar cheese by incor-
porating whey and whey components 
during the manufacturing processes, 
and (4) consumer acceptance studies 
of the products resulting from this re-
search . 
The staff is dedicated to publishing 
research results. During the past 5 
years, an average of 12 publications 
per year have originated in the Dairy 
Science Department. Current work 
appears especially exciting and bene-
ficial, and we believe the results will 
provide a considerable economic 
boost for the dairy industry in South 
Dakota. J. H. Martin , Head . 
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which amounted to 25% in the lambs not 
receiving the limestone were reduced to 
10% in those fed 4% limestone. A weight 
gain advantage of 18% existed after 121 
days offeeding for the lambs continuously f T 
fed l % ground I imestone. R. Emerick, L. 
Embry. 7ro 
Role of zinc in growth of corn 
Tryptophan is an essential amino acid 
and zinc has a role in tryptophan syn thesis 
(as well as being a component of certain 
enzymes). It is possible that "zinc defi-
cie ncy" symptoms in corn plants are a re-
su lt of reduced tryptophan synthesis. Five 
corn lines are being studied; field-grown 
plants have been found to vary in dry 
weight, ash, nitrogen, soluble amino acids, 
and zinc values. When plants are cut and 
placed in culture solutions, about 40% of 
the zinc uptake was fixed in soluble leaf 
proteins. E. Whitehead, D. Kenefick. 702 
Whey for dairy cattle 
Whey and its derivatives have been con-
sidered waste products. It appears that 
whey may be used increasingly in milk 
replacers for calves and in cow 'rations. 
In two short-term experiments, cows fed ' 
concentrate mixes containing 5% dried 
whole whey or partially delactosed whey 
produced milk having higher milk fat per- , /, 
centages and milk fat yields. Actual milk 
yields were slightly lower than from cows 
fed the control concentrate mixes. Exper-
iments are in progress to determine just 
how much dried whey or lactose a mature 
ruminant can consume without affecting 
performance. D. Schingoethe, L. Muller, 
H. Voelker. 705 
Brown midrib corn in cattle feed 
The brown midrib mutant gene lowers 
the lignin content of the vegetative part of 
the corn plant. This results in more nut-
rients for digestion and productivity by 
ruminants. Cows will consume more total 
dry matter when fed brown midrib com. 
Incorporation of the brown midrib gene 
into inbred com lines adapted to the 
northern mid west is continuing. L. Muller, 
B. Shank . 670 
Nutrition of high producing dairy cows 
Protein from sunflower meal is equival-
ent to that from soybean meal for lactating 
cows. Normal Vitamin E intake was re-
duced by keeping cows on stored feeds 
during the summer. No signs of Vitamin E 
deficiency were detected. D. Schingoethe. 
629 
Improving large dairy herd management 
Colostrum cannot be legally marketed 
and it is an excellent sou rce of nutrients for 
the young calf. Most cows produce more 
colostrum than the calf can consume, so 
the problem is to k ep the colostrum 
around without spoiling after the cow 
starts giving marketable milk . Allowing 
the colostrum to ferment naturally and ' 
• 
then feeding it to calves can shave dollars 
off the co t of feeding calves whole milk. 
Chemically fermented colostrum works 
even better. Adding propionic acid and 
formaldehyde to colostrum prevented nut-
rient degradation. Calves fed colostrum 
with these additives performed better than 
calves fed naturally fermented colostrum. 
Cows should not be fed their entire grain 
ration from a magnet-activated feeder. It 
may be justified for cow producing about 
20 to30 kg milk per day, providing no other 
practical method of providing grain is av-
ailable. 
Based on results from cafeteria mineral 
feeders, it was found that lactating dairy 
cow cannot con ume minerals and vita-
mins to their need when fed free-choice. L. 
Muller. 630 
Dairy breeding 
When selecting a dairy bull, the milk 
records of his daughter are more impor-
tant than hi s conformation to type. Daugh-
ters of sires selected for high milk produc-
t_ion proofs averaged 15,892 lb milk, 571 lb 
Economics 
The need for research on economic 
problems in South Dakota continues 
to expand and intensify as the people 
of the state experience a wide variety 
of economic problems. 
Included are demands for research 
to help cope with the problems of in-
creasing agricultural production 
costs, drought, limited employment 
opportunities, price and production 
problems related to erratic world 
food demands, increasing competi-
tion for agricultural products from 
other regions and countries, financ-
ing and providing quality public ser-
vices, managing farms and ranches in 
the most profitable way, transporting 
fat, and $579 over feed cost when com-
pared to daughters of sires selected for 
high type proofs with 13,737 lb milk, 486 lb 
fat, and $455 over feed cost. Second gener-
ation differences were even greater. H. 
Voelker. 646 
Improvement of dairy products 
The objectives of the project are to im-
prove the quality, yield, and economic 
contribution of dairy product . 
Milk was obtained biweekly from s ix 
processing plants in South Dakota and 
analyzed for major components. Percen-
tages of protein, solids not fat, and tota l 
solid were lower than values usually re-
ported. Composition varied significantly 
with eason and among plants; heat stabil-
ity was correlated significantly with mag-
nesium and citric acid contents. There 
were, however, no constant relationships 
between fat and solids not fat content. 
Samples of cottage cheese made from 
fresh kimmilk or skimmilk fortified with 
nonfat solids were distributed to 45 Brook-
ings families for ranking and evaluation of 
and putting in to use efficient and ef-
fective marketing strategies espe-
cially for our grain and livestock pro-
ducers, and meeting a host of other 
family and community economic 
problems to enhance the quality of 
living in this state. 
The following summary of activity 
under the current research projects 
in the Economics Department indi-
cates the type of effort currently re-
ceiving special attention . 
These projects are . ever-changing 
in an effort to help meet the most 
pressing economic problems insofar 
as our staff resources permit. 
J. E. Thompson , Head . 
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flavor, body, and texture . The data are 
being analyzed. K. Spurgeon, S. Seas . 733 
Consumer acceptance of dairy foods 
Ingredients and processing have an ef-
fect on the protein and flavor of frozen 
foods. Rancid cream and the effects it has 
on butter were studied during this report-
ing period. 
Methods are being refined for the study 
of the persistence of penicillin residues in 
milk. ineteen cows were treated with an-
tibiotics used for dry cow treabnent. Only 
one c<Jw had detectable penicillin re-
sidues longer than the manufacturer's re-
commended milk withholding time of 
eight milkings, and thi cow was treated 
only 3 days prior to parturition . J. Par ons. 
734 
Dairy prod uct analysis 
To help producers and processors main-
tain the quality of their dairy products, and 
to help research workers gather accurate 
data, 3,737 chemical analyses and 1,046 
microbiological analyses were conducted 
during the year. J. Martin. 405 
Impacts of industrial development 
Schools, taxes, private incomes, and 
other businesses all feel the effects when a 
firm either settles in the community or 
terminates activities there. 
A computer model has been developed 
to help community leaders analyze si tua-
tions and explore alternatives for smooth-
ing the adjustments to change. Based on 
this research, an Exten~ion publication has 
been written to explain to local leaders the 
step-by- tep procedure to follow . Case 
studies examining the impact of a new firm 
moving into a community have been com-
pleted in two communities. 
A case study has been completed of the 
impacts of a ubdivision in an unincorpo-
rated rural area in the Black Hills. The 
original residents will ubsidize the de-
velopment of the subdivision because ad-
ditional school expenditures exceed addi-
tional school revenues . G. Morse, A. 
Bateman. 716 
Private financing of rural development 
Expanding industrial firm require rela-
tively large amounts of capital invesbnent 
per unit of employment or income gener-
ated. Many people have believed that such 
money for expansion simply isn't availa-
ble, that lack of inve tment has hindered, 
and will continue to hinder, growth in 
manufacturing and processing firms in 
South Dakota. 
Thi project, after surveying banks and 
finns, found th~t there is no overall indus-
trial capital supply problem. Those prob-
lems which are apparent affect existing 
fim1s in small towns. Location decision · 
by new non-lo al firms are made largely on 
the basi of factors other than the availabil-
ity of local financing. Small banks in small 
towns tend to have less enthusiasm for in-
dustrial development than do other . They 
frequently have low loan-to-deposi t ratios 
anc.l se ldom use SBA guarantees. Rapid 
expansion of industrial capital availability 
is possible through changes in bank prac-
tices such as higher loan-to-deposit ratios, 
increased allocations of available funds to 
industry, and increased use of SBA. Each 
of these expansion activities is possible 
without changing legal structure or finan-
cial security standards. 
Over the past 5 years industrial financ-
ing from personal- or internal-to-the-firm 
sources has dropped from 57% to 17% of 
total needs. Banks and industrial revenue 
bonds are now the most important capital 
supply sources, each providing about 30% 
of the total. The state, which began provid-
ing loan funds in 1971, now provides 10% 
of total needs . T. Daves . 664 
Public services in a rural state 
How adequate are selected services in 
rural communities of South Dakota? 
A consumer service survey of 250 
households in three selected counties 
covers water supply, sewage, solid waste 
collections and disposal, fire and police 
protection, education, and health. The 
type and availability of each service, pri-
vate costs of utilizing each service, the 
problems, and willingness to pay for 
elimination of the problems are being 
analyzed. W. Kamps. 603 
Marketing alternatives for livestock 
Cattle sales are a buyer's market; the 
producer has little control over the price 
he gets. The project, which is regional, 
seeks to evaluate alternative marketing 
methods such as forward contracting, in-
tegration, and collective bargaining. 
Vertical coordination in the beef indus-
try is the focus of the South Dakota project. 
Work is continuing on making a model op-
erational from the point of view of the beef 
producer. R. Ol son . 719 
Choosing profitable grain 
marketing alternatives 
There are several marketing alternatives 
avai lable to producers of grain. Under-
standing these alternatives and the impli-
cations of available price-influencing in-
formation can make the difference bet-
ween profit or loss. This is e pecially true 
when there are wide grain-price fluctua-
tions which can be as much as a dollar a 
bushel or more during the crop year. 
Two publications pertaining to market-
ing decisions for grain are currently being 
used extensively in producer oriented Ex-
tension programs. The factors affecting 
price that were analyzed include new and 
old crop grain futures, historical price pat-
terns of future and cash grain prices; and 
current and historical production and car-
ryover relationships . A. Sogn. 667 
The changing transportation picture 
The traditional country elevator and 
transportation system used for marketing 
So~th Dakota grain has been changing due 
to economic forces. The present and future 
impact of such changes are heing studied. 
During the present year a study to de-
termine grain transportation and market-
ing patterns and costs was completed. Ap-
proximately $50 million were expended to 
market South Dakota grain in 1974. The 
evolution toward a more efficient system i 
estimated to reduce the cost by 10%, but 
this stimulus to change is too small to lead 
to a rapid adjustment. 
In conjunction with this project, other 
studies were undertaken: (1) Truck trans-
portation costs were analyzed and applied 
to an area of proposed railroad branch line 
abandonment; (2) The elasticity of de-
mand for rail transportation in marketing 
grain was estimated; (3) The distributional 
effects of rail policy alternatives were 
studied; and (4) A study of the historical 
perspective and future outlook for South 
Dakota grain transportation was com-
pleted. C. Lamherton, R. Rudel, W. Payne. 
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Additional beef processing facilities 
The project was designed to determine 
the feasibility of locating heef processing 
plants closer to home in South Dakota. 
Results of the computer program were 
passed through Extension specialists to 
members of the Lower Brule Indian Re-
servation to aid them in analyzing plans for 
irrigated farming, livestock feeding, and 
possible slaughtering facilities. R. Rudel. 
656 
Entomology -Zoology 
Major emphasis in the 
Entomology-Zoology Department 
has been placed on research to effec-
tively control the corn rootworm 
plaguing South Dakota agriculture . 
Another emphasis is the alfalfa 
weevil. Because of thE: increase in 
damage in eastern South Dakota 
from this insect, we are closely exam-
inging possible changes in recom-
mended control measures. 
Wh ile drought conditions have 
been providing increasing threats of 
grasshopper damage in the state, the 
same conditions have reduced the 
damage to range grasses by the sod 
webworm complex. 
In other areas, the first phase of the 
hog roundworm research has been 
completed, and the project has been 
terminated. 
We invite you to read the following 
project summaries. If you have ques-
tions or comments, call on us. 
R. J. Walstrom . Head . 
12 
Income variability 
The project is investigating the 
economic effects of diversification in crop 
and livestock activi ties upon farm in-
comes. Processing of data is being com-
pleted. D. Peterson. 717 
Enterprise budgeting 
Bookwork precedes management deci-
sions, and a budget data bank is about the 
handiest reference a outh Dakota farmer 
or rancher can have around to help in 
planning hi stock production alternatives. 
A budget data bank for storing budgets 
for both crop and lives tock enterprises has 
been prepared. Production coefficients for 
52 live tock enterprises are stored in the 
data bank. A upplementary machine-cost 
program has been written, and computes 
the fixed and variable costs for 120 differ-
ent sizes and types of farm implements. H. 
Allen. 674 
How to make the most money 
A typical 440-acre tarm with 380 acres in 
cropland was shown to have twice the re-
turn to equity, operator labor, and man-
agemewnt from a swine and buy-sell 
beef-raising plan ($28,170) compared with 
a current typical farm plan ($14,110) or a 
plan that converted all the land to forage 
production for a 150-beef cow herd 
($14,020). 
The optimum fam1 plans includ d minor 
cash crop sales because the most profitable 
plan was to produce grains for use in swine 
operations, with the huy-sell beef herd , 
utilizing native pasture. 
These figures are based on a projection 
of the product-price relationship and cost 
patterns preceding 1973 and available out-
look information. 
Crop enterprise budgets indicated that 
corn would be the most profitable cash 
crop followed by soybeans. In the eastern 
part of the area, sorghum ranked third fol-
lowed by alfalfa hay, while in the western 
part of the area wheat ranked third fol-
lowed by sorghum and alfalfa hay. 
With a good mark t availabl , dairy 
would be th~ most profitable livestock en-
terprise. However, a combination of swine 
to use feed grains and beef to utilize forage 
would be nearly as profitable as a dairy 
enterprise that would utilize the same feed 
base. W. Aanderud. 655 
Insect surveys 
Insect surveys are published in weekly 
newsletters during the growing season. In 
summary, during thi s reporting period, 
drought affected corn rootworm damage. 
Larval survival was reduced, and adult 
populations were comparatively low ex-
cept in irrigated fields. Rootwcrm damage 
in first-year com fields following small 
grains and flax wa significant . . o damage 
was ob erved in corn following soybeans. 
' 
' 
Economic loss due to the alfal fa weevil f Y 
is moving northward in eastern South 
Dakota. Insectic idal treatments and early 
cutting of the first crop extended to Inter-
state 90. 
Greenbug surveys on wheat and sor-
ghum showed low populations and iso-
lated need for insecticidal treatment. D . 
Walgenbach. 406 
Blood-sucking Diptera 
Horsefly and deerfly populations are 
high enough in portions of the state that 
they exert an economic effect. These 
species and other blood-sucking Diptera 
have been mapped, and their life histories 
outlined. Since the larval forms are as-
sociated with water, the concern is that 
populations may spread under increasing 
irrigation . 
During thi s reporting period publica-
tions were prepared. E. Balsbaugh, Jr.677 
Rangeland productivity 
A unit of rangeland feeds many more 
animals than just cattle, and the kind and 
number of these animals affect just how 
much is left for the cattle. The subjects of 
this project are above-ground inverteb-
rates; sod webworms and cutworms in 
rangeland pastures can be economic pests 
during periods of high population levels. 
The amount of energy a scale insect 
needs is proportional to its metabolically 
effective body weight. Steps have been 
taken to improve calculations on total 
numbers of sod webworm larvae . B. 
McDaniel. 714 
Corn rootworm control 
Corn rootworms are just adaptable 
enough to be one or two steps ahead of 
producers and researchers. The amount of 
damage they can inflict depends upon 
weather, soil conditions, tillage patterns, 
and planting dates. They can build up im-
munity to certain insecticides, and several 
races of rootworms add genetic diversity to 
the picture. 
Registered and experimental insec-
ticides were evaluated at five field loca-
tions for corn rootworm recommendations. 
A monitoring program has been estab-
lished for larval resistance. Simulated corn 
silage removal shows that rootworm insec-
ticide treatments the following year were 
needed on corn fields cut after the first 
week in August. D. Walgenbach. 676 
Alfalfa insect management 
Some insects that attack alfalfa have 
their own natural insect enemies. On the 
other hand, pollinating insects also have 
predators and parasites which attack them. 
The purpose of this project is to bring order 
to our understanding of these complex in-
teractions and also to determine the most 
effective use of short-lived chemicals to 
control insects injurious to beneficial al-
falfa insects. 
With the alfalfa leafcutter bee for polli-
nation and 20 different short-residue · 
chemicals for injurious insect control, the 
highest yield of 1975 second-cutting alfalfa 
seed was obtained using carbofuran 4F at 1 
lb active ingredient per acre with a yield of 
414.1 lb of seed per acre. 
Western strains of alfalfa weevil show 
resistance to carbaryl, Alfa-Tox, and Sup-
racide, but eastern strains do not. High 
buildup of the pea aphid due to predator 
reductions was evidenced in the carbaryl 
and Imidan treabnents in eastern South 
Dakota. R. Walstrom. 632 
Control of hog roundworm 
Perhaps 7 of 10 pigs and 1 of every 3 hogs 
of breeding age carry intestinal round-
worms. They cost producers about $50 
mill ion a year, largely through poor weight 
gains and death of young pigs. 
Farmers can combat roundworms by 
good management practices-proper feed 
rations, sanitation, and moving the hogs 
between pastures or lots since the animals 
will ingest the eggs from the soil. In the 
laboratory, investigations of the ability of 
roundworms to synthesize cholesterol 
were incomplete. A colony of animals 
other than hogs and mice would have had 
to have been reared in the lab, and the 
expense was too great to be covered by this 
project. 
Home Economics 
Our capacity to enjoy and improve 
the world around us has been shaped 
by scientific research, and home 
economics researchers at SDSU have 
directed their research efforts toward 
increasing the satisfaction and well-
being of individual consumers and 
families in the areas of nutrition and 
textiles. Nutrition researchers are 
currently trying to determine how var-
iations in dietary intakes of carbohy-
drates, fats, and certain minerals may 
affect some of the known " risk fac-
tors" thought to be connected with 
heart disease. 
The food researchers continue to 
explore new food uses and more 
economical preparation methods for 
agricultural and wild life products. 
Studies include the effects of various 
cooking and processing techniques 
on the nutrition retention and con-
sumer acceptability of meat, fish , and 
waterfowl common to South Dakota. 
13 
The control of the hog roundworm 
through chemical alteration of certain 
metabolic pathways within the organism is 
still a good possibility. A. Greichus. 552 
Ammonia intoxication 
Ruminants consuming too much urea in 
proportion to roughage in their diets can 
fall prey to ammonia intoxication. l:Jrea is 
broken down into ammonia in the 
stomach, and excess concentrations can 
build up in tissues and organs of the ani-
mal. 
The project has already examined the 
concentrations of ammonia in ewes and 
fetuses; preparations for blood studies 
with ammonia-intoxicated male sheep are 
being made. M. Roller. 633 
Parasites in wild animals 
·Bighorn sheep and mountain goats in 
the Black Hills apparently suffer from a 
high infestation of parasites that cause 
lungworm pneumonia. 
Bighorn sheep for pen studies of lung-
worm pneumonia are hard to find, hard to 
net, and die from the disease before drug 
treatment can be evaluated. Nevertheless, 
sheep fecal pellets from ·custer State Park 
show a high level of l ungworm larvae. 
Lungs obtained from hunter-killed 
bighorns continue to show heavy infec-
tion . 
An unexplained de~line in deer popula-
tions appears to be taking place in the 
Black Hills. Sarcocystis affects deer, and 
coyotes are the intermediate hosts and dis-
semi nators of the parasite. Since coyote 
populations are up, their possible role in 
the life cycle will be investigated in a 
cooperative project with the Wildlife and 
Fisheries Department. E. Hugghins . 653 
Iron transport 
Modified gut sa~ technique showed 
highly significant iron transport in non-
pregnant and pregnant rabbits. Certain 
compounds significantly increase fetal 
plasma iron. R. Swanson. 601 
Nutritional quality of cereal grains 
"Bread" is not just something you wrap 
around cheese or salami. Depending on 
how much the flour has been refined from 
the original grain, it varies in nutrients, 
fiber, and overall acceptability. 
Twelve wheat flours and three triticale 
flours were made up into noodles and 
evaluated by impartial consumers. All 
whole-grain flours were superior to the 
commercial type noodles prepared from 
refined. wheat. A bulletin, "Noodles 
Naturally," B 644, was prepared for 
homemakers. 
Several varieties of whole wheats and 
triticale were canned and tested for accep-
tability as a cooked cereal or in combina-
tion dishes. The processes are suitable for 
home-canning or slow-cooking. Recipes 
were developed for use by the consumer, 
and a re contained in B 648, "Bounty from 
the Bin." D. Deethardt, W. Johnson , L. 
Guild . 704 
Wheat and triticale a're being used to 
develop new food products of high 
nutritional value. 
Energy conservation has been a 
concern of the textile researchers for 
many years. Results of a study involv-
ing the thermal insulative value of 
lined draperies have been reported. A 
current study is investigating the 
energy saved by using cold water in 
laundering. In addition, an analysis of 
the bacterial level of the soil retained 
after laundering will be made in order 
Phosphate as a regulator of 
carbohydrate-lipid metabolism 
Diets containing various carbohydrates 
and fats were fed to test animals in an effort 
to determine their effects on some of the 
risk factors affecting incidence of heart 
disease and stroke. It appears that the most 
distinctive diets may be those containing a 
simple carbohydrate and a saturated fat. L. 
Guild, W. Johnson . 705 
Using South Dakota foods 
No menu featuring South Dakota foods 
need ever become monotonous. Recipes 
were developed and evaluated for canned, 
smoked, and pickled carp (B 646, " Crafty 
Carp Cookery"). 
Bison meat has been thought to be dif-
ferent in composition from other domestic 
red meats. Studies are underway to 
evaluate the nutrients in bison meat, and to 
develop improved cooking methods and 
products such as jerky and a snack food , 
"Bison Bits." D. Deethardt. 771 , 773 
to improve cold-water laundering. 
Another goal of the textile re-
searcher is to provide the consumer 
with unbiased information about 
selection of textile products. In-
creased sale and variety of disposa-
ble diapers indicated a need for a cost 
comparasion of disposable diapers 
and the traditional cotton diapers. 
Disposable diapers are being 
evaluated for absorbency, durability 
and construction. 
A. L. Gilbert, Head. 
Nutrients in fresh pork 
Selected cuts of fresh pork were 
analyzed after cooking to l 70°F. The re-
su lts show decreased cooking time and 
cooking losses, with increased edible por-
tion and nutrient retention. D. Deethardt, 
W. Johnson. 612 
Performance of sheets 
Bed linens are brighter and more color-
ful than ever, at least when they're pur-
chased. Will the color survive wear and 
laundering and be worth the additional 
cost? 
Print and solid-color muslin and percale 
sheets of 50/50 polyester/cotton at two 
price levels were laundered and checked 
for appearance, comfort, and durability. 
Percent color change after 60 launder-
ings was highest in prints with red and 
blue as the predominating colors. The 
so lid gold percale lost less color than the 
muslin of comparable cost range. All 
sheets remained smooth or just lightly 
rough , except the higher priced muslin 
print which rated rough. 
Horticulture-Forestry 
We cou Id grow many more hor-
ticultural crops in South Dakota than 
we presently do. 
Vegetables, nursery crops, fruits , 
flowers, and woody ornamentals are 
all grown commercially in the state , 
but the industry could expand tre-
mendously because current needs 
are only partly filled . Water shortages 
in western states and rising transpor-
tation costs make it prudent for South 
Dakota to develop its horticulture in-
dustries. The era of horticulture in the 
state is just starting. 
Research and education programs 
in horticulture in South Dakota are 
important to further development of 
these industries and related profes-
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All sheets lost strength after 60 launder-
ings; however, all were well above 
minimum requirements. L. Lund, C . 
Sivers . 468 
Low-temperature home laundry ~7\ 
A ho1,11emaker is told she can conserve , ' JJ 
energy by washing clothes at low tempera-
tures. But she's naturally concerned about 
whether the colder water kills all the mic-
roorganisms and really gets the wash 
clean. 
Samples of 100% cotton terry toweling 
and 50/50 polyester/cotton sheeting are 
soiled with synthetic sebum (the kind of 
dirt that collects from the body and which 
includes oils) and with clay, then laun-
dered at two different water temperatures 
and different concentrations of cleansers. 
Light reflectance can be used to detect 
the clay soil on the samples. The terry 
toweling has between 5-6% soil added-on 
weight of fabric, while the sheeting sam-
ples have approximately 2% soil added. C . 
Sivers, M. Hurlocker. 736 
Bleach and durable press 
Homemakers are all too aware of what 
undiluted hypochlorite bleach can do 
when spilled accidentally on a fabric. But 
exactly what effect does it have when 
added to the wash? 
Shirting fabrics of 100% cotton, 50/50 
and 65/35 polyester/cotton with and with-
out durable press finish were lau·ndered at 
105° and 140° with bleach concentrations 
of 100, 200, and 300 ppm up to 30 times. ' 
The difference in percent whiteness of 
all fabrics was highly significant. The 
greatest percent gain in whitenes s was ob-
tained with 100 ppm of bleach. f l1\ 
Fabrics with finish had significantly less / J 
pilling than fabric without finish. Bleach 
concentrations had little effect on smooth-
ness. 
Tear res istance of the 100% cotton les-
sened with each laundering. The tensil e 
strength of the other fabrics was not af-
fected by bleaching. 
Bleaching affected the wrinkle recovery 
of the 100% cotton adve rsely only at the 
highest concentration. L. Lund, C. Sivers. 
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Improving vegetable production 
Some of the most intensively farmed 
space in South Dakota is the backyard veg-
etable garden. Neither the difficulties nor 
the benefits of raising a garden need to be 
enumerated. Because they yield satisfac-
tions far greater than fresh lettuce and to-
matoes, there will always be vegetable 
gardens. 
Some of the plants in the most successful 
gardens are those that were bred and de-
veloped at SDSU. Peter Piper and Wonder 
Gold, a new early productive bell pepper, 
were developed under thi s project. 
Four varieties of potatotes were planted ' 
8 in apart in 30-in and 36-in rows. Total _), 
yield was significantly higher in 30-in 
rows, but there was no difference in total 
sions and also have considerable im-
pact on the health and recreation of 
our residents. I mp roved cultivars are 
a major factor in development of the 
industry. Equally important is re-
search on cultural practices to ensure 
success in production. 
Parks and outdoor recreation are 
among the prime assets of South 
Dakota. The management and de-
velopment of these assets cannot be 
haphazard if parks are to best serve 
all people. The interests of our resi-
dents differ enough so that manage-
ment decisions cannot be made 
without considerable attention to 
these interests. 
Research enables park managers 
to make sound decisions so that resi-
dents of our state can best enjoy the 
outdoors and so that we ' ll meet the 
needs of tourists who are attracted to 
our state by our park and recreation 
faci I ities. 
Many of us have forgotten or did 
not participate in the general concern 
yield of graded number one potatoes. 
Foliage diseases were more severe in 
30-in rows under irrigation. 
Varieties of pea beans were evaluated at 
different locations in southeast South 
Dakota for maturity, yield, and bacterial 
blight infection. Three years' data indicate 
that pea beans can be a competitive crop in 
this area. P. Prashar. 622 
Tomato varieties 
Individual tomato plants selected for 
their ability to set fruit at low temperatures 
were planted and again se lected for hor-
ticultural characteristics. 
A pear-shaped tomato line which is early 
and has had a large fruit and heavy set for 
the last 3 years will be tested at other ex-
periment stations for future release. A 
cherry-type tomato which holds its ripe 
fruit over a long period and also keeps 
good foliage up till frost is also being con-
sidered for release . 
New hybrids and varieties were tested 
for yie ld in thi s area for recommendation to 
growers. P. Prashar. 695 
Saving endangered species 
In orchards at SDSU are trees and small 
fruits possessing unusually valuable gene-
tic traits and which are in danger of being 
lost forever in parts of the world from 
which they originated. 
Far places from which these plants came 
are Siberia, central Asia, and European 
Russia, but some of these endangered 
plants grew here in North America from 
and desire for trees back when most 
of our shelterbelts and windbreaks in 
the state were planted. We have taken 
these trees and the shelter and en-
joyment they give us for granted. But 
they need our attention now. Many of 
our shelterbelts are dying, victims of 
drought, disease, age, and neglect. 
The department is concerned about 
establishing evergreens in both old 
and new plantings, increasing the 
number of species, and in saving as 
many of the old stands as possible. 
We cannot go back to a treeless 
state-neither economics nor aesthe-
tics will permit that. 
Research in horticulture, park 
management, and forestry not only 
contributes to industries and profes-
sions in the state but also enhances 
our living here. This research and its 
applications to our lives are signific-
ant in retaining our population as well 
as attracting new industries to South 
Dakota. 
R. M. Peterson, Head. 
seed collected by the 1 ate Dr. N. E. Hansen 
who joined the Horticulture-Forestry staff 
in 1895. Extremely hardy apricots, pears, 
apples, Siberian almonds, grapes, plums, 
and sand cherries are among the valuable 
germplasm he gathered in foreign lands 
and in this country. 
The present apricots and Siberian al-
monds were propagated by budding and 
represent 13 and 4 genotypes, respec-
tively. The pears were grown from seed 
gathered from many different trees repres-
enting the population earlier planted at 
Watertown. Two hybrid pear clones de-
veloped by Dr. Hansen were used exten-
sive ly in the current fruit breeding pro-
gram. R. Peterson. 174 
Superior plants for the Northern Plains 
Tree and shrub plantings and flowers 
can enhance the mini-climate around a 
house, attract wildlife, and improve prop-
erty values. 
Research emphasis is presently placed 
on promoting superior dwarf deciduous 
plants and superior ground cover junipers. 
Nearly 500 varieties of flowering annuals 
are test-grown yearly at McCrory Gardens 
in Brookings and evaluated for adaptabil-
ity. About 10,000 visitors annually, includ-
ing both home gardeners and commercial 
people, view the trials which are also used 
as an outdoor teaching, research, and Ex-
tension facility . Woody plant trials con-
tain ing many new cultivars are being con-
tinued at Brookings, Yankton , and High-
15 
more to evaluate these ornamentals for 
adaptability to the Northern Great Plains. 
J. Klett . 710 
Improved fruit varieties 
Hardy fruit trees which are also produc-
tive, have high quality fruit, and mature 
their fruit early are required for South 
Dakota conditions. Fruit cul ti vars must be 
developed for South Dakota conditions for 
best performance and survival. 
The vigor of 798 grape seedlings was 
rated. Additional grape crosses were 
made, and 56 apple seedlings were 
planted in the field. The trickle irrigation 
of raspberries and strawberries and irriga-
tion studies on apples were continued. R. 
Peterson. 696 
Establishment of trees 
Eleven years after planting, the best 
hybrid elms averaged 8.2 meters· in height, 
about 1.2 m better than the progeny of the 
Siberian elm parent tree. About a fourth of 
all trees show some degree of injury from 
the last two dry growing seasons. 
Seedlings of green ash from Nebraska 
were taller than those from sources in 
North or South Dakota in plots planted in 
1961. Rate of growth decreased the last 3 
years from crowding and drought. 
After 5 years of growth, trees from two 
South Dakota and .. two Nebraska seed 
sources averaged the most height in a 
l971-planted seed source trial. None of the 
seed sources in_ this planting have shown 
marked superiority. In this planting, two 
early fall frosts resulted in considerable 
injury to trees from a Kansas source and a 
total failure of trees from an Oklahoma 
source. 
After 13 years of growth, South Dakota 
hackberries were superior to hackberries 
from Kansas, Colorado, and Oklahoma 
sources. Native trees averaged about 40 
cm/yr over the 13-year period. 
Survival of Ponderosa pine transplants 
was aided by a starter solution at planting 
time. 
Fall application of dalapon and simazine 
on fall seeded rye prepared a 3-foot strip 
for spring planting of green ash. Symptoms 
of simazine injury were apparent early in · 
the growing season, but growth was little 
affected. By the end of the growing season, 
simazine treated plots excelled control 
plots in height. P. Collins. 663 
Nitrogen and cold hardiness response 
Nitrogen nutrition experiments and cold 
hardiness studies are being conducted 
both in the greenhouse and outside under 
lath. The common juniper showed the 
most winter damage, especially when both 
the NQ3 and NH4 form of nitrogen were 
applied. Additional studies will examine 
the toxi:city of three nitrogen forms and 
winter hardiness effects on five different 
species of junipers. J. Klett. 711 
Trees suitable for South Dakota 
South Dakotans accept that many of 
their horizons will be treeless. But around 
their homes , in shelterbe lts and 
windbreaks , they want trees. It takes a 
special effort to meet that desire. 
With adequate soil moisture, root regen-
eration of Ponderosa pine during nursery 
lifting will remain adequate. Initial exper-
iments with rooting stimulants failed to 
show any increase in root growth in Pon-
derosa pine. 
Renovation of a deteriorating shelterbelt 
which had been invaded by grass was 
started through chemical weed control and 
underplanting with eastern redcedar and 
Ponderosa pine . Weed control with 
glyphosate and glyphosate with simazine 
was particularly effective during the first 
year. Survival of underplanted trees after 
the first growing season was poor due to 
Microbiology 
Microorganisms, small as they are, 
exert an influence far beyond their 
size, and our research is concerned 
with both beneficial and detrimental 
microbes. 
Considerable effort is being put 
into the study of bacteria associated 
with nitrogen fixation. Bacteria iso-
lated from leguminous plants native 
to South Dakota and selected bacter-
ial isolates from other parts of the 
world will be analyzed for their ability 
to infect plants and their capacity to 
fix nitrogen from the atmosphere. 
A wide variety of plants, from alfalfa 
and soybeans to wheat and corn, will 
be used in this investigation. 
Genetic studies are underway to 
study the molecular basis of fixing 
nitrogen and to investigate the possi-
bility of transferring this capacity to 
other organisms. Using antibodies 
produced in experimental animals, 
we hope to establ ish a more suitable 
method for identifying the various 
Rhizobium isolates which do fix nit-
rogen . 
Environmental studies continue to 
explore the presence of microor-
ganisms considered hazardous to 
the drought. N. Baer. 745 
Parks and recreation 
From 1960 to 1965, American participa-
tion in parks and outdoor recreation in-
creased 53%. An additional 50% increase 
in participation is expected from 
1965-1980. It is at the local (city and 
county) level where the primary responsi-
bility for providing these services rests. 
This increases the need for creative local 
planning; but to this point communities 
health of humans and animals. Re-
cent advances in technology now 
permit us to study microorganisms 
which can survive only in the absence 
of oxygen. These anaerobic bacteria, 
which are commonly found in the oral 
cavity and intestinal tract of mam-
mals, are capable of causing a variety 
of infections such as botulism, gas 
gangrene, and abscesses. 
We are also examining the habitat 
and transmission of Listeria 
pathogens (which cause circling dis-
ease and encephalitis in · animals), 
with some experiments directed to-
ward the causes of abortion by cell 
walless bacteria. 
The persistent microflora of the 
oral cavity and the intestinal tract is 
directly influenced by our environ-
ment and the ability of these or-
gan is ms (pathogens and non-
pathogens) to attach to the surface 
epithelial layer. An investigation into 
the mechanism of this attachment 
and its subsequent effect on the 
health of the animal has been in-
itiated . 
T . R. Wilkinson , Head. 
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have not known what facilities they could 
reasonably be expected to provide. A pub-
lication describing the parks and recrea-
tional facilities of South Dakota com-
munities was prepared. 
An analysis of snowmobiling includes ~ 
an inventory of land, facilities, and re- • ' ), 
sources; identification of demands and 
needs of snowmobilers; and recommenda-
tions to guide and assist management and 
regulation of snowmobiling. P . 
Nordstrom. 649 
Nitrogen fixing organisms and soil fertility 
Root nodule bacteria from several 
species of native legumes have been 
studied for cultural characteristics and 
ability to nodulate native and cultivated 
legumes. 
These native bacteria were inoculated 
on to the roots of crop legumes in the 
greenhouse. They successfully nodulated 
the plants in some cases but not soybeans . 
Nitrogen fixing bacteria will generally 
nodulate the roots of the plant species from 
which they were first taken and in some 
cases the roots of closely related species of 
plants. 
Some of these bacteria appear to have 
potential value as commercial inoculant ' 
strains for one or more crop legumes. R. 
Pengra, R. Shave, M. Falken. 693 
Purine synthesis in soil bacteria 
Certain bacteria that live in the soil are 
capable of converting free nitrogen gas 
into forms that higher plants can use. Other 
soil bacteria break down large, insoluble 
organic matter from dead plant material 
and make the soluble products, some of 
which contain nitrogen, available to 
higher plants. 
One important so il bacterium, 
Myxococcus xanthus, can fonn a dormant 
cellular body called the myxospore, under 
adverse environmental conditions. This 
resting cell is formed from an active veg-
e tative cell under appropriate conditions, 
and the myxospore can germinate back to a 
vegetative cell if conditions change. 
Resting bodies and vegetative cells 
were supplied with radioactive purine 
precursor to measure purine synthesis dur-
ing dormancy. ,\II. xanthus, it was found, is 
capable of synthesizing purine nuc-
leotides throughout its life cycle (glycerol 
version). 
Ni trogen fixing bacteria are also impor-
tant for soil fertility. Attempts are under-
way to obtain mutants of these (Azotobac-
ter, Spirillum) in the laboratory that will fix 
abundant amounts of gaseous nitrogen 
even in the presence of some ammonia 
(present in fertilizer). Naturally occurring 
nitrogen fixing bacteria do not accomplish 
this. C. Westby. 669 
Animal waste management for the 1980's 
A human health hazard may exist if bac-
teria pathogenic to man can survive normal 
waste management storage and handling 
conditions for animal manure, or if animal 
wastes are discharged into streams. 
Numerous studies on refeeding animal 
wastes for their nutrients must be made to 
determine if pathogenic microorganisms 
are present. The project seeks to find if 
such bacteria can live through these condi-
tions. It is new, and experimental techni-
ques are being worked out. P. Middaugh. 
718 
Bacteria in foods 
If anaerobic bacteriaofhuman inte tinal 
origin can survive commercial processing 
and storage in commercial convenience 
foods, then they are a potential human 
health hazard. 
During this period microbiology re sear-
chers found no pathogenic, anaerobic bac-
teria in 15 commercial convenience (pre-
cooked, frozen) foods. When added to 
hamburger, anaerobic bacteria were still 
present in high numbers after 6 weeks of 
storage at -18° C. Further studies with low 
levels of bacteria and with varying cooking 
temperatures, and storage periods at re-
frigerator and freezer temperatures are in 
progress. P. Middaugh. 692 
Listeria in the environment 
Listeria monocytogenes is a pathogenic 
microorganism responsible for various in-
fections in humans and animals. En-
cephalitis (circling disease) and abortion 
are common forms of this disease in cattle 
and sheep. 
Studie have been initiated to establish 
where thi s pathogen resides in the envi-
Plant Science 
During FY 76 there were 38 re-
search projects in the Department of 
Plant Science. This research involved 
field crops, plant pathology, and 
soils. Crop scientists studied breed-
ing, management, physiology, and 
weed control. Plant pathology pro-
jects involved small grain and corn 
diseases; tree, perennial grass, and 
flax diseases; nematode diseases; 
and minimum tillage disease prob-
lems. Soils research involved tillage 
methods, fertility , irrigation, soil 
geography, soil erosion , and land use 
planning. 
A majority of the research em-
phasized the practical solution to 
crop production problems. Several 
projects were basic in nature and 
sought to better understand plant 
growth and development at the cellu-
lar level. These continuing studies at-
tempt to answer questions before 
they become practical problems in 
the field . Service projects such as 
seed certification, foundation seed 
production , seed testing , soil and 
plant analysis, smut testing, flax rust 
testing, and crop performance test-
ing continue. 
Projects on soybean breeding, 
grain sorghum breeding and produc-
tion, mycotoxins in feeds and foods, 
and corn diseases were discontinued 
at the end of this fiscal year. The Plant 
Science research staff was reduced 
by 1.3 full-time equivalent scientists 
as a direct result of budgetary limita-
tions. Inadequate financial support 
continues to limit the productivity of 
existing scientists. 
Some people question the use of 
the public funds to do research speci-
fically for farmers and ranchers. The 
fact of the matter is that agricultural 
research is not just for farmers. It is 
for the public, and probably the con-
sumer benefits as much as, or even 
more, than the producer. A reasona-
ble supply of food at reasonable 
prices is important to everyone and 
this is what Plant Science research 
and all agricultural research is about. 
C. R. Krueger, Head . 
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ronment (reservoir), how this organism is 
transmitted to animals, and what is its po-
tential danger to humans (occupational 
disea e). Soil, feces, water, alfalfa and com 
silage were collected throughout the year 
from several farms involved in dairy or 
cow-calf operations. The highest recovery 
(68%) of Listeria was obtained from good 
and poor quality ilage during the winter-
spring period and the lowest recovery 
(23%) was from alfalfa. At least 50% of the 
soil ·samples were positive for Listeria dur-
ing each sampling period throughout the 
year. Water sampled from the automatic 
watering pumps and fresh feces samples 
frequently contained Listeria. T . R. Wil-
kinson . 675 
Breeding and testing wheat 
In the years that this project has been 
active, testing has helped introduce better 
varieties into South Dakota. Rushmore 
spring wheat, bred at SDSU, was worth 
about $6 million to South Dakota farmers 
in 1953 alone, a severe stem rust year. 
Miomark and Vicota oats introduced 
needed crown rust resistance. James oats 
was an improved hulless type. -Dupree and 
W~ubay oats improved production. Hume, 
Bronze, and Gent were wheats released for 
earliness, hardiness, and disease resis-
tance; Winoka for rust resistance, hardi-
ness, and yield. Winoka has the largest ac-
reage of the four, over 300,000 acres in 
South Dakota and Montana. 
Advanced Centurk lines have had high 
protein genes added from other varieties. 
Cytoplasms were exchanged between less 
hardy Pawnee and more hardy winter 
wheats. Hardier Pawnee and tolerance of 
leaf rust in the other wheat resulted, with 
changed heights and maturities . Wheat 
lines at Watertown, a severe test site , in 
spring grain stubble showed high survival 
and good grain yields when moisture was 
adequate. Without stubble, winter wheat 
invariably winter-kills there. A dominant 
gene for immunity from wheat streak 
mosaic was located in an Agrotricum. The 
project is terminated. D. Wells. 181 
Soybean breeding 
Soybean production research stressed 
use of narrow-row planting, and included 
potential soil and wate r losses from e ro-
sion , wate r use efficie ncy, and yie ld . 
Breeding and genetics research e m-
phasized deve lopment and earl y genera-
ti on se lection of soybeans adapted to 
narrow-row p roducti on. The project has 
been pre maturel y te nn inated, but regional 
testing will be continued . New re leases 
and commercial soybean entri es continue 
to prod uce exce ll ent yie lds in the state . 
Ha rcor and G rande a re still be in g 
evaluated, but Harlon is not recomme nded 
as it is susceptibl to loss from shatte ring . 
A. Lunde n, G. Erion. 657 
Disease-resistant inbred lines of corn 
Stalk weakness and stalk rot a re some of 
the major limiting fac tors in de e loping 
satisfactory inbred com iines. In the last 
year of this project, 2 inbreds were re-
leased for public use in hybrids along with 
21 for genetic purposes. The latter possess 
unusual and outstanding stalk quality and 
strength. No publicly released inbreds ex-
amined to date compared favorably to 
these new lines for these characteristics. 
The rind, nodal plates, and pith, includ-
ing the entire internodal area on the lowe r 
third of the stalks, are fu sed together and 
are very dense in structure. 
These inbreds have been requested by 
many of the major hybrid corn companies 
and state experiment stations in the corn 
belt and in Canada and France. The pro-
ject was terminated June 30, 1976. C. 
Nage l, J . Jenison, D. Shank. 604 
Flax 
South Dakota is one of th e three larges t 
fl ax producing states in the count ry; but 
man y key factors related to improved seed 
production and oil quality still rema in 
much of a mystery. 
This research sought to detennine the 
effects of cultural and environmental fac-
tors (including temperature, light intensity 
and quality, day length, mineral nutrients , 
moisture availability, chemical treatment) 
and management practices on th e 
physiological process of the flax plant. 
Field testing revealed pairs of lines 
similar in agronomic type and other 
characteristics but differing in yield. 
Physiological basis for the yield difference 
was not established. Seed and boll size 
were identified as major yield factors for 
early lines, seeds and bolls/area and 
seeds/boll for late lines. CO2 enrichment 
increased yield via seeds/boll. Humidity 
had no effect, but high root-zone moisture 
decreased seed set. High nitrogen in-
creased yield but decreased oil; varietal 
interactions were significant. 
A number of plant growth regulating 
chemicals were evaluated for potential 
yield enhancement activity. Combinations 
of antiauxin and cytokinin regulator types 
appeared to have the most promise. These 
treatments delayed plant senescence and 
stimulated shoot development from pani-
cle buds which are normally inhibited and 
fail to contribute to yield. The project was 
tem1inated June 30, 1976. C . Dybing. 599 
Grain sorghum breeding 
The major objective of thi s research was 
to produce and release sorghum lines and 
hybrids adapted to the north ern sorghum 
be lt. Plantings emphasized development 
of early male sterile lines, cold toleran t 
lines, and greenbug resistant lines. Male 
sterile SD106 and a reselection from 
SD106 which acts as a sterility maintainer 
or Bline are being considered for release. 
This project has been terminated, but reg-
ional testing is being continued. A. Lun-
den, G. Erion. 594 
Alfalfa for grazing 
Developing an alfa lfa for grazing in-
volves selection for disease resis tance and 
high yield, as well as for genes that reduce 
the possibility of bloat. Yield trials and 
screening for disease resistance continue. 
Alfalfa weevil was found for the first time 
in a planting at Brookings. \1. Rumbaugh. 
721 
Superior grasses 
Pasture production lags in the summer 
months because most grasses go into dor-
mancy when it turns hot and dry. Finding 
varie ti es that will continue to grow during 
the summer is the major emphasis of thi s 
project. 
Seed and forage yields of synthetic var-
ie ti es of smooth bromegrass have bee n 
good unde r dryland conditions. Under ir-
rigation they were superior to other var-
ieties both alon e and with alfalfa. 
Selection is also being made within out-
standing plants of the tall warm-season na-
ti ve grasses . Selection for seed retention in 
grasses adapted to flooded lands has re-
sulted in an experimental vari ety of reed 
can-arygrass and of creeping fox tail. J. Ross, 
G. Holborn. 720 
Flax breeding and cultural practices 
In a preliminary yield trial, SD751815 
(Nored/Raja) yielde d 104%ofCulbe rt. The 
best post emergence herbicide combina-
tion s on flax were Bronate-Dowpon at .2 
kg/ha and 1.1 kg/ha or Bomoxynil-Hoe ap-
plied at 0.3 kg/ha and 1.1 kg/ha, re spec-
tivel y. Seed yield increases were 180% 
and 164% of the weedy check. MCPA-
Dowpon at .3 kg/ha and 1.1 kg/ha resulted 
in seed yield increases of 130% over the 
weedy check. Regional flax trials were 
conducted in cooperation with other 
states. C. Lay, C . Mankin. 666 
Barley for South Dakota 
The development of a true feed barley 
with a more desirable nutrient compos i-
tion and increased nutrie nt availability, 
along with satisfactory s torage and proces-
sing characteristics is the major goal of this 
project. 
Varietal improvement of 6-row spring, 
6-row winter, and 2-row spring barleys for 
feed, forage, or malting uses is proceeding. 
Seeds of 1,000 early generation progeny 
from 2-row and 6-row crosses were sent to 
Mexico for over-winter seed increase. P. 
Price. 651 
Small grains 
Oats and rye strains are developed and 
re leased to fulfill the needs of producers 
and consumers. The emphasis is on better 
disease resistance , improving nutritional 
quality, raising yields, and he rbicide to-
lerances . Strains adapted to the environ-
mental conditions of the state need heat 
and drought tolerance and stiff straw. 
A small increase of a se lection from 
Spear oats was made during the year. It has 
better ste m rust re sistance and grain qual-
ity. 
Ylethionineand lysine were shown to be 
readily available in oats. 
The differences in groat percentage be-
tween varieties are less under dry condi-
tion s. Howeve r, the better adapted thin-
hulled varieties still posses a higher groat 
percentage even under extremely adverse 
conditions. D . Reeves, C. Mankin. 631 
Spring wheat breeding 
Superior spring wheat varieties which 
can be grown specificall y in South Dakota 
and more generall y in the hard red spring 
wheat area of the United States are being 
developed. 
18 
Approximately 600 new breeding popu-
lation s of spring wheat were started in 
1976. Field and greenhouse scree ning for 
disease and agronomic characters were 
conducted and yield tests made. R. Pyl-
man, Jr., G. Buchenau. 625 
Superior field corn hybrids 
South Dakota is on the edge of the 
country's major corn producing area, and it 
takes a major effort on the part of both far-
mers and researchers to grow the crop suc-
cessfull y. Yet corn is vital to our livestock 
industry, and the plant must be adapted to 
our climate. 
The thru st of the project, which is one of 
th e oldest in the E xperiment Station, is to 
develop inbred lines of corn containing 
desirable yield genes plus resistance to 
lodging, drought, disease, cold, and in-
sects, and to adapt good out-of-state lines 
for our environment. Part of the program is 
also to find desirabl e hybrid combination s 
of these inbreds . 
Four inbred lines were re leased for pub-
lic use on the basis of good yie ld and stalk 
qualities. Yield trial s at Brookings and the 
Northeast Research Station provided fairly 
good res ults, but the plot at the Southeast 
Farm was lost due to drought. B. Shank, J . 
Jeni son . 66 
Soil testing 
Soil and plant tests need to be accurate 
before recommendations will lead to 
highe r crop yields. The research proce-
dure involves searching for soils that do ' ' 
not adequately supply certain elements in 
sufficient quantities for high crop yields, 
and then relating the te sts to yie ld in-
creases when that element is added. A test-
ing se rvice for farmers is used to examine 
the practical use of these tests. 
Dry weather influenced the yields of all 
small grain , corn, soybean , grass, and al-
falfa fertilizer experiments, even those re-
ce iving supplemental water through irrig-
ation . Corn and small grain yields were so 
severe ly affected th at they are of no value 
for soil test-soil fertility calibration. 
The nitrate content of the oats ap-
proached a concentration at head ing time 
that could be lethal to an imals. Ni trogen 
fertilizer tended to inc rease the nitrate 
content. Foliar fertilization was tri ed on 
corn, wheat, and soybeans, and fertilizer 
burn was encountered on all crops. The 
fo liar ferti li zer did have a small positive 
effect on sp ring wheat yie lds. 
Soils tested were 13,278 for farme rs and 
3,339 for research . The number of plant 
samples tested was 1,540. P. Carson, R. 
Gelderman. 724 
Crop performance testing 
The project provides fanners and ag-
ribusinessmen information on the relative 
performance abi lity of crops, when grown 
under simi lar environmental conditions . 
Trials are located at substations and with 
farmer cooperators. 
Variety trials for the 1975 crop year suf-
fered from the drought, and not all trials of 
small grain, corn, and grain sorghum were 
harvested. Stands of all the alfa lfa trials 
came through the winter in excellen t con-
dition, and though dry, went into the 
winter in simi lar condition. The informa-
t) 
• 
tion from all crops was used in making 
recommendations to farmers, ranchers, 
and others in agribusiness. J. Bonnemann, 
G. Erion. 404 
Seed testing 
The Seed T sting nit analyzes crop, 
ve retable, tree, and flower seed samples 
for puri ty, germination, and noxious weed 
seeds. Duri ng thi s reporting period, the 
lab tested samples from the fo llowing 
sources: service samples, 3,900; certifica-
tion samples, 2,258; State Department of 
Agriculture 395; and research, 96. The lab 
participated in a regional rangegrass re-
s arch project in purity and gennination 
testing of s ideoats gram a, b I ue gram a, and 
little bluestem, and in drillbox purity sur-
veys. R. Kinch . 403 
Seed certification 
To maintain genetic identity on all crops 
and propagating materials, the Seed C e r-
tification Lab inspected 47,318 total acres 
in 981 fields for 386 producers during thi s 
reporting period. J. Colburn. 402 
Foundation seed stock 
The Foundation Seed Stock Division 
continues to produce and maintain seed of 
superior genetic varieties as a service to 
ce rtified seed growers. This ultim ate ly 
benefits all South Dakota farmers. J . 
Weber. 401 
Mycotoxins in feeds and foods 
Moldy grain and hay may contain toxin 
that are hannful to animals and to man. The 
thermophilic actinomycetes isolated Au-
gust 1974 from moldy corn that hos-
pitalized a farmer and his two sons with a 
respiratory problem are being compared 
wi th identified cu ltures. The isolate ap-
pear to be Thermoactinomyce vulga ris, 
Micropolyspora faeni, and T. sacchari . 
These have been incriminated as cau a l 
agents of the -farmer's lung disease . The 
project was terminated. G. Semeniuk.713 
Wheat diseases in stubble mulch 
The stubb le mulch farmers leave on 
field su rfaces to reduce erosion is said to 
be an attractive place for di sease or-
gani sms. 
The effects of wheat re sidue on diseases 
of spring wheat were studied for the sec-
ond season at Highmore and the initial 
season at Redfield. Dry weather at both 
locations resulted in a very low incidence 
of foliage disease. At Highmore, fall 
drought p reven ted fall tillage , surface re-
sidue was established by spring tillage 
alone. High residues resulted in low yield 
and mor crown necrosis. None of the fun-
gic ide treatments reduced the incidence of 
crown necrosis. The already relati ely low 
populations of plant parasitic nematod s 
did not appear to be affected by surface 
res idue ; Furadan resulted in on ly moder-
ate control. 
Surface residue stron gly depressed 
yie ld by 34%. There was no e idence of 
varietal superiorit among the eigh t com-
mercial sp rin g wheats tested. 
At R dfield both fall and spring tillage 
were accomplished, with results conflict-
ing with th ose obtained at Highmore : 
:'\ ob le blade till ag (high res idue) resulted 
in significantly higher yield than other 
practices ; neither crown necrosis nor plant 
parasitic nematodes were significantl y af-
fected by surface residue. G. Buchenau, J . 
Smolik, W. Gardner. 680 
Foliar diseases on forage grasses 
Leaf diseases on pas ture grasses can re-
duce the forage yie ld considerably. Cool, 
wet weather in the pring and fall will in-
crease the leaf killin g of brown spot and 
leaf scald, which are caused by fungi ; but 
brome mosaic virus will not be affected by 
growing season. 
Some forage gra ses, ho~ever, were 
shown to be immune or highly resistant to 
these diseases; and frequent clipping in 
the field reduced the level of di ease, indi-
cating perhaps high levels of resistance 
may not be too important in bromegrass 
intended for grazing. 
Brome mosaic reduced tillering 45%; 
height 29%; heading 60%; and dry weight 
44% in the variety Saratoga. Fungicide 
spraying at weekly intervals during the 
growing season reduced the mean fungus 
leaf infection of all varieties by 60%. The 
project was terminated June 30, 1976. C . 
Yiankin, J . Ross. 602 
Bacterial plant diseases 
Pseudomonas syringae attacks a wide 
variety of plants, from fruit trees and lilacs 
to clover, grasses, and corn. The bacterium 
was identified as the causal agent of a se-
vere leaf necrosis of winter and spring 
wheats. It was seed borne on seed lots from 
Canada and the northern Great Plains. P. 
syringae is transmitted from the seed to the 
emerging wheat leaves and survives, mul-
tiplies, and spreads without affecting heal-
thy wheat. Rain and wind spread the 
pathogen, wi th evere winds and rains 
necessary to induce leaf necrosis. The bac-
terium is short lived in the necrotic le-
sions. Excellent resis tance to the disease 
exists in commerciall y acceptab le and av-
ailable varieties of pring and winter 
wheats. J. Otta. 593 
Tree diseases 
A large number of shelterbelts in South 
Dakota have passed their prime. Part of the 
decline is due to age, drought, and lack of 
care; thi s project focused on the diseases of 
shelte rbe lt, forest, and shade trees. 
Siberian e lms in the state are heavily 
diseased and canke red by Botryodiplodea 
hypodennia (Siberian e lm canke r). The 
fungus produces the largest cankers when 
it infects th e trees in September, Octobe r, 
Yi arch, or April. One spray of 2,4-D at con-
centrations varying from 3-100 ppm re-
duced the growth of the elms by 6 to 68% 
during the two growing season following 
application . 
Seed treatments with several fungicides 
failed to significantly increase survival of 
Black Hills spruce, cotch pine, or Pon-
dero a pine seedlings on either fumigated 
or non-fumigated ·oil. Captan ·eed treat-
ment followed by benomyl drenches did 
significantl y increase survi al of Black 
Hill s spruce. Phomopsis blight of eastern 
redcedar was controlled with 0.5 lb/A be-
nomyl and 0.7 lb/A thiophanate meth yl. 
Phomopsis can infect eastern redcedar 
throughout the growing season during wet 
or very humid periods. Two needlecasts of 
19 
spruce were detected for the first time in 
South Dakota in 1974 and 1976. J . Otta592 
Nematodes 
Nematodes attack the fine feeder roots of 
p lants, inte rfering with the plants' ability 
to pick up water and nutrients. These littl e 
microscopic roundworms are plentiful and 
voracious-if they were controlled on 
rangeland and if what they consumed ~ere 
made available to cattle, the cattleman 
could probably double his herd. 
In field studies, control of Pratylenclws 
species increased yie lds of irrigated com 
10 to 15 bu/A. Control of lesion nematodes 
in irrigated dry beans failed to increase 
yield. In dry land corn, highest numbers of 
· lesion nematodes were recovered from 
minimum tillage cultural practices. Inna-
tive . range, nematode control 1 ½ years 
after nematicide application was exce ll ent 
although no significant increases in her-
bage weight we re detected. 
In a greenhouse experiment, a stubby-
root and stunt nematode both significantly 
reduced growth of sorghum. In a second 
study, lesion nematodes alone and in com-
bination with a root rotting fungus reduced 
growth of corn. J . Smolik. 726 
Root-infecting fungi 
When a farmer minimum-tills, he is 
creating an environment that is favorable 
for certain root-disease fungi. 
The effect of wheat residue on diseases 
of pring wheat we.re studied at three loca-
tions. Various control practices we re 
superimposed on the residue levels. Due 
to extreme drought, reliable y ield data 
were obtained from only the Brookings 
site. High residue was associated with re-
duced yie ld and test weight and sign ifi c-
an tl y hi gher incidence of 
Helminthosporium sattvum. At Redfield, 
test weight was significantly higher in 
plots with low residue. 
A greenhou e test showed differences in 
root reddening and plant stunting of 102 
varieties of a lfalfa to Pyrenochaeta terres-
tris; 35 of the entries appeared to have 
resistance to the pathogen. Water extracts 
of the inoculum severely stunted Ranger 
alfalfa and Linott flax root elongation. G . 
Semeniuk, G. Buchenau, J . Smolik. 690 
Wheat streak mosaic 
Wheat streak mosaic virus affected less 
than 1 % of winter wheat in South Dakota 
for harvest years 1975 and 1976. The 
drought was responsible, through dry con-
ditions during and after harvest and reduc-
tion in oversummering hosts. Work con-
tinues in the lab on the protein structure of 
the virus and on other virus diseases. W. 
Gardner, V. Lengkeek. 678 
Tillage systems 
Optimum row spacings and p lant popu-
lations were determined for corn, o -
beans, and sorghum. Emphasis will be 
placed on different types of com, such as 
proli fic semi-dwarf and upright leaf, rather 
than the maturity of the hybrid. With very 
little ra in , fertilizer had minor effects on 
ields wi th soil in the medium range of 
nutrient supplying ability. 
For corn and beans, optimum time of 
tillage depended on environmental condi-
tions. Tillage methods that allowed faster 
infiltration frequently permitted faster 
evaporation. 
Organic mulches helped by increasing 
the infiltration/evaporation ratio, but the 
cooler temperatures caused by organic 
mulches frequently slowed early spring 
corn growth. 
Vertical wedges of organic matter were 
placed in the impervious layer of a claypan 
soil. These organic wedges were more 
successful and longer lasting than subsoil-
ing with a chisel in holding the soil open 
for infiltration and root penetration. 
Cultural practices such as plant popula-
tions, starter fertilizer, and method of 
planting (drill or check) influenced 
number of tillers. 
Rotations help to eliminate the high cost 
of nitrogen fertilizer and growing resis-
tance of corn rootworm to insecticides. Soil 
temperature has proved to be helpful in 
selecting the best planting date for corn 
and soybeans, but it is only one of several 
things to consider. Optimum planting 
dates for corn have been altered consider-
ably by the dry climatic conditions of the 
past 2 years. 
More emphasis is now being placed on 
practices and crops that can tolerate or es-
cape drought. Studies involving method of 
planting small grains, rate of seeding and 
fertilization are planned for 1977. Denit-
rification experiments which attempt to 
prevent loss of nitrogen fertilizer leaching 
will be discontinued. F. Shubeck. 256 
Forage systems for cattle 
Rarely will two producers have exactly 
the same forage and pasture system. This 
project will look at different systems, de-
termine potential beef production from na-
tive and improved pastures with and with-
out low levels of energy supplementation, 
and determine the relative quality and 
quantity of the beef produced. 
Pasture grasses were so drastically re-
tarded by the most severe drought in 40 
years that it was not feasible to conduct 
grazing trials in 1976. Therefore, the steers 
were sold and the pastures were moder-
ately but uniformly grazed with the cow 
herd in preparation for grazing in 1977. J. 
Green, L. Embry, H . Allen. 723 
Improving range and crop land in 
western South Dakota 
Range interseeding is a means of intro-
ducing legumes and/or grasses into sod 
with minimum risk of erosion. Variable 
success in establishment of interseeded 
species prompted an interseeding equip-
ment comparison. First-year results 
showed an establishment advantage with 
wider furrows , but production differences 
were not great in the following dry year. 
Irrigated alfalfa research has demon-
strated slight production differences 
among varieties, positive responses to.fer-
tilizer (but of questionable economic be-
nefit), yield potential of 7 T/A on loam 
soils, variable seedling losses among var-
ieties due to starter application of nitrogen 
in contact with seed, and substantial yield 
increases from first cutting following au-
tumn irrigation. J. John son, V. Mosley. 725 
Local soil geography and soil 
fertility relationships 
Approximately 2 million acres were sur-
veyed by the Cooperative Soil Survey dur-
ing this reporting period. Modern soil sur-
veys are being used for land use, taxation 
purposes, and management decisions. Ex-
perimental research areas were chosen in 
Brookings and Clay counties. Chemical 
and physical properties of soils are being 
examined in a pedologic and geomorphic 
framework. Correlation data from various 
determinations are being examined for in-
teractions and relationships which may in-
fluence the genesis and fertility status of 
the soils studied. D. Malo. 728 
Soil landscapes and land use planning 
The modern soil surveys prepared dur-
'ing thi s project are interpreted for best 
land use, for crop and range yields, and for 
forest, recreational and wetlands man-
agement. Bennett, Shannon, Todd, Mel-
lette , Sully, Lake, Davison, Hughes, and 
Marshall counties have been published, 
and Lincoln, Roberts, Union, and Dewey 
are ready. 
The project leader cooperated with the 
Department of Revenue to develop a pro-
cedure for evaluating agricultural land 
using soil survey data and land sale prices . 
The procedure is available to all counties. 
The relationship between soil land-
scapes and remotely sensed data including 
both aircraft and satellite imagery was 
studied. Relationships between spectral 
signatures and soil landscapes were found 
useful in delineating soil associations in 
the rangeland area of South Dakota. 
Another study indicated that soils affected 
spectral properties of crops and must be 
considered when doing crop inventories. 
Soil map data have been computerized 
so they can be presented in summary form 
to users. F. Westin. 642 
Root patterns under deep plowing 
Corn roots tend to be concentrated along 
natural cleavage plains in Aberdeen silty 
clay loam. Perhaps because of the large 
shrink-swell nature of this soil, deep plow-
ing does not appear to have a large effect 
on corn root distribution, although it has 
been producing about a 17% yield increase 
both on dryland and under irrigation. R. 
Kohl. 727 
Soil-plant relationships 
Since soil temperature is a major factor 
in controlling plant growth in South 
Dakota, the primary emphasis of this pro-
ject is on temperatures favoring optimum 
root growth. 
Drought interfered with collection of 
data on the effects of soil temperature on 
a lfalfa growth. Growth chamber experi-
ments are being continued to verify that 
optimum root temperatures are about 70° F 
and crown temperatures are about 90° F for 
alfalfa. 
One inbred line of corn in particular 
stands out in its ability to grow well under 
the wide range of so il temperature condi-
tions tested. P. Evenson. 691 
Movement of nutrients in 
soil-plant-water systems 
If the amount of plant nutrient runoff can 
be determined, then losses can be reduced 
20 
by management. The work shows that it is 
indeed possible to measure the total gains 
or losses of nutrients that have been 
leached from the crop canopy by rain. E. 
White . 679 
Soil-root interactions 
Roots of some range plants can not grow 
in coarse-textured, weakly developed 
soils . On the other hand, roots of other 
species are damaged by shrinking and 
swelling as the moisture content changes 
in fine-textured weakly developed soils. 
The kinds of roots suitable for certain 
kinds of soils can be determined by root 
measuring techniques . Then the suitabil-
ity of range, pasture, and forest understory 
species can be evaluated for different soils . 
E. White. 627 
Crop and soil management 
under irrigation 
The effect of supplementary irrigation, 
water quality, and management practices 
on soil properties and quality of subsurface 
waters has been examined since 1969 
when thi s project was started. 
The field experiment on solodized 
solonetz-like soils with intensive claypan 
development continued. One major 
change due to the dry surface soil at plant-
ing time was a complete irrigation of the 
entire area to secure germination. Five ap-
plications of water totaling 19.6 in were 
made. Drain lines with flexible plastic 
pipe performed satisfactorily. Irrigated 
corn yields were significantly higher than 
in 1974 for both shallow- and deep-plowed 
areas . Non irrigated com yields declined 
sharply in 1975; severe drought accounted 
for the change. L. Fine, P . Weeldreyer. 517 
RNA as connected to winter hardiness of 
barley 
Winter hardiness of barley appears to be 
related to enzymes which break down 
ribonucleic acid . Work is continuing on 
refining detection of these differences be-
tween cu lti vars. D . Kenefick, E. 
Whitehead. 722 
Fall and spring temperatures and winter 
wheat 
The hardiest winter wheat cultivars av-
ailable yield about 30 to 50% les s than 
freeze-susceptible ones in years when 
winter survival is not a factor in South 
Dakota. A working hypothesis was de-
veloped to test the possibility that these 
higher yielding cultivars initiated the 
floral apex at early stages of development. 
Three southern cultivars headed within a 
2-month period in the growth charnber as 
the photoperiod was increased at 
15-minute intervals per week up to a total 
of 13 hours per day in the last month. Three 
northern cultivars did not head. D. 
Kenefick, D. Well s, P. E venson. 729 
Weed control 
Research involving development of 
herbicides resulted in registration of sev-
eral new products for use in South D akota. 
Glyphosate effectively· controls field 
bindweed, Canada thistle, leafy spurge, 
and quackgrass. However, glyphosate is 
more e ffective when applied in late sum-
mer or earl y fall. This means that the her-




tions involving a small grain to control pe-
rennial weeds. 
Bentazon provides a badly needed post 
emergence means of controlling cocklebur 
and velvetleaf in soybeans. Application 
can be delay':!d until cocklebur has 10 
leaves or until velvetleaf has 6 leaves. 
Cyanazine provides good broadleaf 
weed control in corn which was formerly 
obtained only with atrazine, but without 
the carryover associated with atrazine. 
This research culminated in the registra-
tion of atrazine for control of downy brome 
in rangeland. In other work, oat varieties 
responded differently to 2,4-D. The ester 
formulation was particularly hazardous . 
The stage of growth that oats should be 
sprayed was further refined; using these 
refinements, oat yields were increased by 
10-20% compared to previous usage of 
2,4-D. 
Research with dicamba indicated that 
• Rural Sociology 
The Department of Rural Sociology 
has established its research goals to 
focus on several immediate problems 
facing rural South Dakota. The de-
partment has chosen to concentrate 
on four important areas. 
One of the major concerns relating 
to the family farm is what happens to 
those individuals who for one reason 
or another have left farming. Project 
665 follows those who have left farm-
ing to find out whether or not they are 
being forced out of the state or 
whether they have been able to re-
main in South Dakota in alternative 
employments. 
Many times the question is raised 
about the extent to which competing 
civic organizations contribute to or 
detract from the development of their 
community. Project 671 is an attempt 
to look at the leadership within these 
organizations and the extent to which 
these organizations serve beneficial 
functions for their communities. 
Population research in a state like 
South Dakota is extremely important 
in projecting future needs of the 
state. Project 730 is designed to pro-
vide information whereby com-
munities will be better able to project 
their needs in the areas of education , 
government, religion, and econom-
ics. This basic information is ex-
tremely crucial for community de-
velopment and in long-range plan-
ning. A sidelight of this program has 
been the increasing interest and the 
expansion of the Hutterite population 
in South Dakota. Information pertain-
ing to this area of interest is con-
stantly updated and provided as pub-
lic information for agencies and in-
terested communities. 
Given the tourist industry in South 
Dakota, one of the basic questions 
which has been raised has been why 
and to what extent do people select 
various types of recreation. Prior ex-
perience in the adoption of farm prac-
tices told us that adoption of innova-
tions follow a certain pattern. This 
study has taken that information and 
applied it to recreation and the selec-
tion of recreation equipment. The 
public and private tourist industries 
will be able to use these findings in 
predicting recreation use and the 
adoption of new equipment or recrea-
tion programs. 
J. L. Satterlee, Head. 
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injury to non-target plants resulted from 
vapor drift as well as particle drift. Previ-
ously, drift with dicamba was thought to 
occur by particle drift only. Consequently, 
the manufacturer has made numerous 
changes on the label concerning applica-
tion and has undertaken investigation of 
several dicamba analogs to maintain the 
excellent weed control provided by di-
cam ba but without the propensity to drift. 
W. Arnold. 597 
Leaving the farm 
The livestock has been sold. The land 
has gone into other hands. The belongings 
to be taken along are packed. What next? 
Only one-half of those leaving agricul-
ture (as interviewed after farm sales) are 
planning to retire. Ninety percent of those 
surveyed plan to live within a 15-mile 
radius of their present location. There is no 
evidence of a mass movement to the cities, 
as 83% of the respondents plan to live in 
communities ofless than 2,500 population. 
Dissatisfaction with rural areas and rural 
living does not seem to be the reason for 
leaving agriculture. 
These conclusions are from preliminary 
examination of data collected in 26 eastern 
South Dakota counties. R. Dimit, R. 
Wagner. 665 
Community leadership 
No community gets tru.ngs done without 
its leaders. Sometimes they're highly visi-
ble; sometimes they belong to few organi-
zations, but their opinions are sought and 
carry weight. Fall River and Meade coun-
ties were surveyed for the identity, charac-
teristics, and attitudes of formal, informal, 
positional, and reputational power lead-
ers; the identity and purpose of volunteer 
service organizations; and the extent of 
leadership overlap and inter-
organizational linkage that exists. 
Leaders in voluntary service organiza-
tions showed a high degree of organiza-
tional commitment and involvement. 
Furthermore , participation was associated 
with higher education, a desire to work 
toward collective involvement, and par-
ticipation in other community organiza-
tions. R. Wagner. 671 
Population redistribution , 
Just as with birds, human migration falls 
into definite patterns. The project seeks to 
identify patterns of stream and counter-
stream migration in various economic 
areas of the state. Counties of natural de-
crease will be examined. 
A manuscript on the changes in South 
Dakota Hutterite population and colonies 
is in preparation . M. Riley. 730 
Snowmobilers 
How does a South Dakotan decide to 
buy omething? And what does he do in 
his spare time? 
These two seemingly unrelated ques-
tions were combined in a snowmobile s ur-
vey. Cont.ary to what other research has 
shown, where a person is introduced to a 
new product mainly through media adve r-
ti sing (newspapers, magazines, TV), a new 
snowmobiler first learns about the sport 
and tarts comparing the machines of his 
neighbors and friends. He does not suc-
cumb to the lure of mass media advertis-
ing, which is usually very persua ive for 
other purcha e decisions. 
A typical South Dakota snowmobiler is 
Veterinary Science 
The mission of the following de-
partment projects is to produce in-
formation which can be applied by 
veterinarians and livestock produc-
ers to reduce economic losses due to 
animal diseases. Using the recom-
mendations will assist producers in 
reducing animal disease losses and 
decrease the energy expended in 
anima~ production. 
Because of infertility, abortion in 
the cow herd , enteric infection in 
newborn calves, and pneumonia in 
feedlot cattle the average rancher 
currently expends 15% more labor, 
fuel and feed , and uses 15% more 
land than is necessary to produce his 
final income. Elimination of this loss 
would allow him to reduce his cow 
herd 15% and realize a higher profit 
per cow. 
The same type of savings is possi-
ble in swine and sheep production. 
We appreciate the continued sup-
port of the livestock industry in our 
efforts to provide research i nforma-
tion which is applicable to their oper-
ations. 
M . W. Vorh ies, Head. 
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male, about 40, and a high school graduate 
with an above average income. Before tak-
ing up the sport, he was not particularly 
interested in outdoor winter activiti es. R. 
Anson. 672 ' 
Bovine neonatal colibacillosis 
The objectives of the current SOS U calf 
colibacillosis research are to 1) identify the 
E. coli which cause colibacillo is in South 
Dakota, 2) determine how the E. coli 
interact with other disease-causing agents, 
and 3) attempt to simplify the diagnostic 
procedures fo r colibacillosis . 
We ha e examined over 1000 E. coli 
isolated from scouring calves and ha e 
successfully serotyped 50% of these. Four 
E. coli serotype comprise 75% of th 
serotyped isolates. Two very reliable tests 
have been utilized to detect scour-causing 
strain ofE. coli. R. Ellis, M. Bergeland, D. 
John on. 715 
Colibacillosis and salmonellosis in pigs 
The objective of project H807 are to-1) 
identify enteropathogenic E.coli which af-
fec t South D akota pigs, 2) develop 
method to protect pigs from colibacillo i ,' 
and 3) develop a more efficient means for 
diagnosing colibacillosis and ·salmonel-
losis. To date, more than 1500 E. coli i o-
lated from pigs have been processed for 
serotyping. Nearl y 60% of the isolates 
were serotyped, and 90% of the erotyped • 
isolate belonged to one of seven different 
types. 
Thi knowledge ha enab led u to direct 
our efforts on vaccine development toward 
these seven main serotypes. We know that 
scour -causing E. coli may produce two 
different toxins, one call ed heat stable 
toxin and the othe r heat labile toxin. We 
have helped develop laboratory tests 
which can detect these toxins. 
Much progress has been made in the 
area of immunization in the la t 2 years . 
We ha e assi ted many veterinarians in 
their efforts in vaccinating sow and pigs 
by providing the E. coli nece sary for u e 
as a accine in a particular herd. ince the 
strains vary from herd to herd, it is neces-
sary to handle each herd' prob! ms sepa-
rate ly and we will continue to do so. In 
1976, nearly 500 request for E. coli 
vaccines were process d. 
Our future work will be directed toward 
de eloping a means of protecting different 
herds with one common accin instead of 
needing a separate vaccine for nearly 
every herd. R. Elli s, \11. Bergeland, R. 
Pierce. 807 
Agalact ia syndrome of sows 
Agalactia i · the failur of mammals to 
gi milk, and is a problem of particular 
importance in swine confinement units. 
Investigations are underway to charac-
terize the clinical, biochemical, endoc-
rinolo ric, and microbiologic feature · of A 
the di · ase. The re · arch at has ~ 
centered around the rol E. coli pla s in 
inducin r agalactia and the particular 
serotypes of E.coli encountered in ca es of 
agalactia. R. Elli , M . Vorhi ·. 6 1 
Pathogenisis of bovine abortions 
Dia no i of th cause of abortion in cat-
tle pr sents numerou prob! m . At pres-
ent th diagno ·ti c ucce s i I s · than 40<7< 
of all ca e examined. 
In an attempt to improv thi s success 
rat n w diagnostic procedures are being 
aluated. Amon th e pro edur i t ·t-
ing fi ta! s rum for an tibodi s to infectious 
ag nts known to ca use abortion. Serum 
from aborted cal e , cal e from laugh-
te red cow ·, and calve which have b n 
ino ulated befor birth with arious bac-
te ri a or iru e i being t ted b e eral 
means to dete nnine the valu of the tech-
nique . 
Fr quently organi m which have ne er 
been a ·sociat d with bovin abortion are 
i ·olated from aborted cal e ·. In order to 
Wildlife and 
Fish and wildlife play a multifa-
ceted role in the lives of South Dako-
tans. These organisms, whether they 
be as widely known and sought aft~r 
as the ringnecked pheasant, or as lit-
tle known as the orangespotted sun-
fish , affect all of our lives. 
For some, the effects are recrea-
tional · for others, the major impact of 
wildlif
1
e may be economic; for still 
others, it may be social. The impor-
tance of various wildlife species dif-
fers from person to person . A species 
viewed as beneficial by one individual 
determine the role of the e organi ms in 
abortion, pregnant aanimal or their 
fetu ·es a re inoculated with the organi m. 
The effect of the bacterium, irus orfungu · 
on the pregnancy i then monitored. 
The po itive identification of additional 
cau es of bo ine abortion will make it pos-
sible to recommend additional control and 
preventative procedures. C. Kirkbride, K. 
Wohlg muth, D. Reed , M. Vorhi 09 
Viral related reproductive problems 
in swine. 
·ing fluore c nt antibody and irus 
i ·olation technique , p eudorabie irus 
wa identified in aborted fetu ·e . Thi i · 
the fir t y ar this irus ha b n d mon-
strated as a cause of porcine abortion in 
South Dakota. 
Pregnant ow were inoculated with a 
s train of labora tory attenuated 
p. eudorabie iru to evaluate th effect 
Fisheries 
or group may be looked upon as a 
liability by others. 
Everyone, however, is affected by 
the state 's wildlife. As a department, 
we direct our research toward these 
organisms with an eye to all the ef-
fects which these animals have on the 
people of the state. 
Wildlife in our state faces a chang-
ing future. Greater pressures upon 
this valuable resource call for con-
t inued and increased activity con-
cerning the study of these animals. 
C. G. Scalet , Head. 
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of thi irus on unborn fetu ·es and deter-
mine the ability of the iru to produce 
protection in sow · again t pseudorabie . 
The sows inoculated in the first 40 day of 
pregnancy farrowed no pig or mall lit-
t r . The attenuated virus did not app ai- to 
affect the litter of sows inoculated in late 
pregnancy. All of the sow developed a 
protective level of antibody. 
The following recommendation · ha e 
been made to producer : 
1. Purcha ·e only replacement breeding 
s toc k which i negative to 
p · udorabies blood te t. 
2. Quarantine all feeder pig brought 
onto the premi e . 
3. When introducing breeding stock, 
plan in advance to allow 30 to 60 days 
co-min ling before breeding. J. 
\1cAdaragh, C. Kirkbride, P. Les! ie , 
\1. orhies. 10 
Beaver on the free-running Missouri 
As obviou as it may eem, bea er prefer 
river horeline areas with slow current 
speed, deep water, and low-tapered banks 
for their dens instead of areas with high 
current speed and eroding or granite-
lined, tabilized bank . Although known to 
e ery trapper and observant out-
doorsman, thi ha never been 
documented; and if it ha never been 
documented, it cannot be u ed a evidence 
in any environmental impact tatement or 
as testimony in any hearing. 
It ha been documented now, as a part of 
thi s project. Other information di clo ed 
b the project: Of 162 beaver from the 
free-running Mis ouri in southeastern 
South Dakota, 92 were males and 70 w re 
female . Minimum breeding age for 
fi males was 2.5 year ; 7 % contained 
fetuses, a eragi ng about five per female. P . 
ohs, Jr. 741 
Pheasants, habitat, and predators 
The red fox i an important port animal, 
one of our mo t aluable fur-b aring ani-
mals, and som time an important pre-
dator. Fox hav been trapped , tagg d, 
and r lea d ; and returned tag by hunt r 
and trapp r allow analy i of fox mo e-
ment and mortality. Two fo fami li e ha e 
been outfitted with radio tran mitte rs and 
their movem nts followed. 
In eastern South Dakota, ri erbank tree 
habitat supports the greate t bird pecie 
diver ity, followed by tree claim and 
·ingle-row windbreak habitat . Futur 
tree planting and development affecting 
nati e tree land can be evaluated in term · 
of effect in bird population and on peci s 
diversity. L. Flake, P. ohs, J r. 654 
Shelterbelts and birds 
helterb It contain mor than 
They contain bird -insect 
s d eater , and those that simply gi e 
pl a ·ur . Twenty-two p cie · of bird u ·e 
outh Dakota ·h Iterbelt · in winter, 63 
during mi ration, and 44 during th ·um-
mer n ·ting · a on . The larg r h lter-
belts contain more species of songbirds 
than do narrow or short shelterbelts. These 
conclusions support the current ecological 
theories about isolated pieces of habitat 
such as shelterbelts and islands. P. Vohs, 
Jr. 735 
Wetlands and waterfowl 
The Missouri coteau has the lowest 
density of stock ponds but the highest de-
nsity per stock pond of breeding pairs of 
waterfowl. The Pierre hills has three times 
as many ponds, but a third as many pairs 
per pond and per hectare of surface water. 
Preliminary analyses indicate greater 
pair use of ponds with longer shoreline, 
greater shoreline development, moderate 
grazing on surrounding uplands, emergent 
vegetation, greater diversity of wetlands 
Advisory Groups 
Agricultural Advisory Committee 
1976 
Fred Holscher, Faulkton 
Warren Grebner, Aberdeen 
Arnold Wienk, Lake Preston 
John Elsing, Mansfield 
1977 
Harold Millett, Reva 
Ronnie Peterson, Pukwana 
Jerry Bown, Onida 
Ed Zwinger, Ethan 
Gary Haiwick, Highmore 
1978 
Willis Moyer, Winner 
Mrs. Charles (Eunice) John son, Route 2, 
Box 42, Rapid City 
Clyde Scott, Ashton 
Loren Paulson, Ward 
Clark Anderton, Alcester 
1979 
Darwin Britzman, Grain Terminal Assoc ., 
Sioux Falls (Chairman) 
Kenneth King, 205 Wyoming SW., Huron 
Wayne Fletcher, Garden City 
Kent Frerichs, Wilmot 
Verne Sheppard, 4307 Brookside, Rapid 
City (Box 1760) 
:vlrs. Gary Hanson, Bushnell 
South East South Dakota 
~ Experiment Farm, Beresford 
David Bogue, Beresford, President 
Lloyd Overgaard, Centerville, Vice Presi-
dent 
on the quarter-section plot, and relatively 
stable water levels . L. Flake. 615 
Wildlife research unit 
Projects included ecology of the giant 
Canada goose in northeastern and western 
South Dakota, life history of prairie dogs 
and the black-footed ferret, effects of 
chemicals on pheasants, evaluation of 
habitat on the Missouri River, and sharp-
tailed grouse nesting and breeding cover. 
R. Linder. 913 
Fisheries research unit 
Projects include aquatic ecology of two 
seasonal marshes in eastern South Dakota; 
distribution, growth, and feeding charac-
teristics of paddlefish in unaltered por-
tions of the Missouri River; early life his-
tory and culture of paddlefish; and ecology 
Ercil Bowles, Centerville, Treasurer 
Vane Miller, Yankton, Secretary 
Sidney Abild, Wakonda 
Wayne Burkhart, Dell Rapids 
Ervin Cleland, Vermillion 
Leonard Dailey, Jefferson 
Stanley Jensen, Beresford 
Leon Jorgenson, Freeman 
Wesley Larsen, Beresford 
Earl Rames, Menno 
Daniel Uherka, Wagner 
North East Research 
Farm, Watertown 
Walter H. Schwanke, Watertown, Chmn. 
Fred Morris, Watertown, Sec. 
Lee Bevers, Hazel 
Elmer Greseth, Sisseton 
Harold Hurlbert, Raymond 
Lyle Kriesel, Summit 
Donald N addy, Britton 
William Peterson, Lily 
Alfred Skovly, Astoria 
Central Research 
Station, Highmore 
Roman Gebhart, Faulkton 
'.'vtarvin Haag, Hoven, Chmn. 
Gary Haiwick, Highmore 
'.'vtelvin Johnson, Onida 
Quentin Kingsley, Research Station '.'vtgr. 
Keith Kleppin, Wessington Springs 
Duane Moody, Huron 
Jay Pugh , '.'vtill e r 
Ken Stewart, Pierre 
\11chae l Volek, On-Station Resident 
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of white crappie and black crappie in Lake 
Poinsett. D. Hales. 914 
Fish production 
The ultimate goal of this project is a bul-
letin that will describe to farmers and ran-
chers the best fish production procedures ) 
for their particular aquatic system. Both 
the recreational and commercial aspects of 
fish production will be included. 
One part of the project seeks to deter-
mine if fathead minnows will generate 
enough production to sustain an intro-
duced population of fish-eating game fish 
through a growing season . Another con-
cerns factors influencing the stocking suc-
cess in farm and ranch panels. Further 
studies are also continuing concerning the 
effect of northern pike stocking on a 
stunted sunfish population . C. Scalet. 712 
Cottonwood Advisory Board 
Ohmer Cook, Cottonwood 
Charles Deutscher, Wall 
Clifford Fees, Cottonwood 
J. Tipps Hamilton, Midland 
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--,et al. Sampling techniques for hay_ 
quality in large hay packages. Trans of 
the ASAE 19, 1975. 
--, and J . C. John ·on . The ·ubjective 
response of males to comfort under con-
trolled tractor cab environment . Trans 
of the ASAE 19, 1976. 
Botany-Biology 
Chen, C.H. Vegetative propagation of the 
ce lery plant by tissue culture. Proc SD 
Acad Sci 55, 1976. 
--, N. E. Stenberg, and J. G. Ross. Rapid 
cloning of big bluestem (Andropoqon 
gerardii Vitman) by tissue culture. 
Agron Abstr, 1976. . 
Committee on SD Endangered Species, 
Charles Schmacker, ed. List of poten-
tial endangered specie in SD. Pre-
print, 1976. 
Goeden, Y. C. Chromosome constitution of 
fhe plants induced from callus culture 
of the daylily Hemerocallisfla va L. MS 
thesis, 1976. 
Haertal, -L. Nutrient limitation of algal 
standing crops in shallow prairie lakes . 
Ecology 57, 1976. 
Holden, D. J., B. E. Ellis, and C.H. Chen. 
Progress in cloning native pra~r~e 
plants by tissue culture. Proc V Prame 
Conference, 1976. 
--, and H. L. Hutcheson . List of poten-
tial natural areas in S.D. Preprint, 1976. 
-- South Dakota's endangered natural 
a~eas - slides of western South Dakota 
natural areas, Slide and script series, 
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--, The promise of the prairie. Slides of 
natural areas in eastern South Dakota. 
Slide and script series, 1976. 
Stenberg, N. E. Cloning of Lili um longi-
Jlorum and Andropoqon gerardii by 
tissue culture of leaf and floral parts. 
MS thesis, 1976. 
-- Chen-ho Chen and J. G. Ross. lnitia-
t/on of plantlets 'from cultures of leaf 
and floral parts of Lilium longiflorum 
Thunb. and L. philadelphicum L. Ab-
stracts of papers, Botanical Society of 
America, 1976. 
Thoreson, B., L. Haertal and D . Moore. 
LANDSAT imagery as an indicator of 
prairie lake algal blooms and water 
transparency. Proceedings, SD Acad 
Sci 55, 1976. 
--. Remote sensing of water quality in 
prairie lakes. MS thesis, SDSU, 1975. 
Whalen, R. H. Linkage relation of singed. 
Rept Tomato Genetics Cooperative 26, 
1976. 
Chemistry 
Ammann, B. o.; D. J. Call, . and H. A. 
Draayer. Gas-liquid chromatographic 
determination of alachlor (2-chloro-2', 
6' -diethyl-'.\1-( methoxymethyl )-acetan il-
ide herbicide residues in corn and 
so\·- heans . 
Call, D. J ., H . J. Shave, H. C. Binger, M. E. 
Bergeland, B. D . Ammann, and J . J. 
Worman. DOE poisoning in wild great 
blue heron. 
Dunn, B. H ., R. J . Emerick, and L. B. 
Embry. Bentonite and sodium bic~r-
bonate in high-concentrate diets for 
lambs . J Anim Sci 42, 1976. 
Emerick, R. J. Buffering acidic and high-
concentrate ruminant diets . In : Buffers 
in Ruminant Ph ys iolo gy and 
Metabolism, 1975. 
--, I. . Palmer, C . W. Carl on, and R. A. 
N Ison . Mercury-selenium interrela-
tionships in layers. SOS AS Series 
75-37, 1975. 
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Gueck, B. Organochlorine insecticide, 
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biological effects of environmental 
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Medicinal and Biological Effects of 
Environmental Pollutants, Natl. Acad. 
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--, and I. S. Palmer. Selenoamino acids 
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Pearson, M. Metabolic studies of 2, 2', 364, 
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acid. Proc SD Acad Sci 54, 1975. 
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Beardsley, G. L., L. D. Muller, H . A. Gar-
verick, F. C. Ludens, and W. L. Tucker. 
Initiation of parturition in dairy cows 
with dexamethasone. J Dairy Sci 59, , 
1976. 
--, et al. Response to dexamethasone in 
combination with estradiol benzoate. J 
Dairy Sci 59, 1976. 
Bell, L. I. Factors affecting the develop-
ment of lipase flavor in butter. MS 
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Johnson, M. E. Detection of antibiotic re-
sidues in bovine milk. MS thesis, 
SDSU, 1976. 
--, R. J. Baker, and J. H . Martin. Com-
parison of the di h assay, cylinder plate 
and agar diffusion tests for the determi-
nation of antibiotic residues in milk. 
Proc 71st Annual Meeting, ADSA, 
Raleigh, NC, 1976. 
Muller, L. D., D. Rodriguez, and D. J. 
Schingoethe. Formaldehyde treated 
whey protein concentrate for lactating 
dairy cattle. J Dairy Sci 58, 1975. 
--, F. C. Ludens, and J . A. Rook. Perfor-
mance of calves fed fennented colos-
trum or colostrum with additives dur-
ing wann ambient temperatures . J 
Dairy Sci 59, 1976. 
--, G. L. Beardsley, and F. C. Ludens. 
Amounts of sour colostrum for growth 
and health of calves . J Dairy Sci 58, 
1975. 
-- --, and H. Garverick. Will our 
c~lves be calving on demand? Hoard's 
Dairyman 121, 1976. 
--,--, R. P. Ellis, D. E. Reed, and M. J. 
Owens. Calf response to the initiation 
of parturition in dairy cows with dex-
amethasone or dexametha ·one with es-
tradiol benzoate. J Anim Sci 41 , 1975. 
Price, P. B., and J . . Parsons. Lipids of 
seven ce rea l grains . J Am Oil Ch m Soc 
52, 1975. 
Rodri g uez, D ., L. D . Mull e r, and D. J. 
Schingoethe. In vitro and mous valu-
ation of methods for prot cting whey 
protein and casein from ruminal degra-





Rook, J. A. Intake and digestibility of 
brown midrib corn silage by lactating 
dairy cows. MS thesis, SDSU, 1976. 
--, L. D. Muller, and D . B. Shank. Intake 
and digestibility of brown midrib corn 
silage for lactating dairy cows. Proc Am 
Dairy Sci Assn . 71st Annual Meeting, 
1976. 
Schingoethe, D. J. Calf starters. Dairy Sci 
Update, 1976. 
--. Feeding whey to nonruminants. 
Feedstuffs 48, 1976. 
--. Feeding whey to ruminants. Feeds-
tuffs 48, 1976. 
--. Whey utilization in animal feeding: a 
summary and evaluation. J Dairy Sci 
59, 1976. 
--,J. A. Rook, and F. C . Ludens. Evalua-
tion of sunflower meal as a proteins up-
plement for lactating cows. Proc 71st 
Annual Meeting Am Dairy Sci Assn, 
1976. 
--, F . C. Ludens, W. L. Tucker, and S. K. 
Dash . Evaluation of dried whey in con-
centrate mixtures for lactating dairy 
cows. J Dairy Sci 59, 1976. 
--, and J. A. Rook. Ration digestibility 
and mineral balance in lactating cows 
fed rations containing dried whey. J 
Dairy Sci 59, 1976. 
--, --, and F. C. Ludens. Blood 
parameters, milk fl avor, vitamin E, and 
selenium in cows fed stored feeds or 
pasture during the summer. Proc 71st 
Annual Meeting Am D airy Sci Assn, 
1976. 
Seas, S. W., and K. R. Spurgeon. Develop-
ment of cheese-flavored dairy spreads 
with controlled fat content. Food Pro-
duct Development 9, 1975. 
Voelker, H. H. 'Effects on type of selection 
of dairy sires for high predicted differ-
ences for milk compared to selection 
for high predicted differences for type. 
Proc 71st Annual Meeting, Am Dairy 
Sci Assn, North Carolina State Univer-
sity, 1976. 
--. Selection of si res for predicted dif-
ference in milk compared to selection 
for predicted differences in type. SD 
Holste in News 42, 1976. 
Yee, Jeng-Jeng. A study of milk composi-
tion in South Dakota. MS thesis, SDS , 
1976. 
--, and K. R. Spurgeon. Milk composi-
tion in South Dakota. Proc 71st Annual 
\1eeting, Am Dairy Sci Assn , 1976. 
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--, and D . Jibben. Labor requirements 
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Berry, R. L. Wise use of Missouri River 
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he ld by Sen . James Abourezk for the 
US Senate Interior and In sular Affairs 
Committee Subcommittee on Water 
and Power Resources, Rapid City, 
1975. 
--. Partnerships and corporations in fam-
ily farming. SDSU E con Newsletter 88, 
1976. 
Bornitz, T. D . Study of the availability of 
funds to finance industrial develop-
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SDSU, 1975. 
Morse, G., A. Bateman, and L. Tauer. In-
dustrial development: Citizen's work-
book for assessing economic and public 
finance impacts. CES EMC 715, 1976. 
Rudel, R. An economic feasibility study for 
additional slaughtering facilities in 
South Dakota. CES EMC 683, 1976. 
--, and A. Sogn. Arriving at wheat mar-
keting decisions. SDAES Bull 634, 
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Sogn, A. The benefits of understanding 
grain futures - even if you don't trade in 
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Tauer, L. W., and T. E. Daves. Commercial 
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publication as SDAES Bull 649. 
Tauer, L. W. Role of banks in industrial 
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Agri-Business Day, Econ Pamphlet 
149, SDSU, 1975. 
--. The role of commercial banks in in-
dustrial development in South Dakota. 
Econ Newsletter 68, SDSU, 1975. 
--. The role of commercial banks in in-
dustrial development in South Dakota. 
MS thesis, SDSU, 1975. 
Entomology-Zoology 
Bathelman, L. L. Topical LDso determina-
tions for several insecticides on field 
collected larval and adult western corn 
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Call, D. J., D . D. Walgenbach, and G. R. 
Sutter. Corn rootworm cholinesterase 
activity as influenced by species, sex, 
age, and cold storage. J Econ Entomol, 
1977. . 
Cobb, P. and E . U. Balsbaugh, Jr. 
Tabanidae of Spink County, South 
Dakota. J Kansas Entomol Soc, 1976. 
Greichus, A., and Y. A. Greichus. 
Minireview: Lipid metabolism in the 
hog roundworm, Ascaris lumbricoides 
suum. Internat of Biochemistry 6, 1975. 
Holm, M. F. The influence of corn removal 
dates on corn rootworm oviposition, re-
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rams. APHIS, USDA, Hyattsville, MD. 
--. South Dakota Insect Newsletter is-
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--, D. Martin, S. Rhoads, and B. Gilles. 
South Dakota 1976 nursery plant 
source list. EMC 704, SDSU, 1976. 
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temperature storage of obligately 
anaerobic bacteria in convenience 
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Falken , M. C. Host specificity and nit-
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--, et al. Bacteriological quality of sur-
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Wilson, C. D. Encephalitis epidemiology 
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model and a computerized human 
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Plant Sci Pamphlet 22, 1975. 
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in 1975. James Valley Agric Exp Sta 
Prog Rept, 1976. 
--, and--. Effect of surface residue on 
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phlet 23, 1976. 
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and composition of sudangrass on 
high-calcium, low magnesium soil. 
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--, and P. D. Weeldreyer. Progress Re-
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ricultural and food research progress at 
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Agric and Food Chem, 1976. 
Gartner, F. R., and E. M. White. Use offire 
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Annual Meeting Forestry Comm, Great 
Plains Agric Council 26, 1975. 
Gelderman, R. H. The effect of rate and 
source of nitrogen and cutting systems 
on bromegrass. MS thesis, 1976. 
Giles, J. F. and J. G. Ross. Grass-alfalfa 
variety test. Progress Report, James 
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Gross, D . F. , C . J . Mankin, and J. G. Ross. 
Effects of disease on in vitro 
digestibility of smooth bromegrass. 
Crop Sci 15, 1975. 
Jenison, J. R. Effect of various root charac-
teristics on root-pulling resistance of 44 
inbred lines of com. MS thesis, SDSU, 
1976. 
Kehr, W . R., M. D. Rumbaugh,etal. Recur-
rent selection for alfalfa seed yield. Re-
port of 25th Alfalfa Improvement Con-
ference, 1976. 
Kohl, R. A., and J. J. Kolar. Soil water up-
take by alfalfa. Agon J 68, 1976. 
Krueger, C.R., and J. T. Green, Jr. Alterna-
tive pasture and forage systems for beef 
cow-calf production. Cow-Calf Field 
Day Rept, 1976. 
--, and C. J. Nelson. Evaluation of big 
bluestem, indiangrass, sideoats grama, 
and switchgrass pastures with yearling 
steers. Agron Abstr, 1976. 
Malo, D. D. Soil test results on selected 
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Dakota. Plant Sci Pamphlet 26, SDSU, 
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Myers. Phytopathology of cytoplasmic 
tubular aggregates, inclusion bodies, 
cell wall thickenings and parmural 
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systemically infected with ND 18 strain 
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Proc Am Phytopath Soc 1, 1976. 
--, et al. Light and electron microscopy 
of aberrant plastids in barley and corn 
leaf tissue systemically infected with 
the ND 18 strain of barley stripe mosaic 
virus. Abstr, Proc Am Phytopath Soc 1, 
1976. 
Mernaugh, R. L. Three-dimensional ul-
trastructure determination of wheat 
streak mosaic vh-us pinwheel inclusion 
bodies through use of · ana lytic 
geometry, and high resolution e lectron 
microscopy and signal analysis dis-
semination equipment studies of ul-
trastructure. MS thesis, SDSU, 1976. 
--. Pseuclomonas syringae: Rough co l-
ony type mutants, and filamentous 
cells. Phytopath 66, 1976. 
Price, P. B., and J. G . Parsons. Lipids of 
seven cereal grains. JAOCS 52, 1975. 
--, and --. Improvement in barley , 
Barley Newsletter 19, 1975. 
Reeves, D. L. Final report on the oats imu-
lated hail study. 1976. 
Ross, J. G., and C. R. Krueger. Grass 
species and variety performance in 
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--, and R. A. Moore. Harvesting range 
grasses for hay. Soc for Range Man-
agement, Abstracts, 1976. 
--. Selection for seed retention in creep-
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Planning Conference 23, 1975. 
Rumbaugh, M. D. Breeding legumes to 
prevent ruminant bloat. Agon Abstr, 
1976. 
Schultz, Q., and R. C. Kinch. The effect of 
temperature and light on seed dor-
mancy of western wheatgrass. Proc of 
the Assoc of Official Seed Analysts, 
1976. 
--. Dormancy in the seed of western 
wheatgrass (Agropyron smithii Rydb.) 
MS thesis, SDSU, 1976. 
Semeniuk, G., and M. D . Rumbaugh. 
Reaction of some perennial and annual 
M edicago species and cultivars to the 
ye llow leafblotch disease caused by 
Leptotrochila meclicaginis. Plant Dis 
Reporter 60, 1976. 
Smolik, J . D. Effect of soi l temperature and 
soil moisture on reproduction of 
nematode populations indigenous to 
the Cottonwood site. US/IBP Grass-
land Biome Tech Rep 292, Colorado 
SU, Ft. Collins, Sept, 1975. 
--. Nematodes damage SD crops. SD 
Farm and Horne Res, Fall, 26, 1975. 
--, and L. E . Rogers. Effects of cattle 
grazing and wildlife on soil-dwelling 
nematodes of the Shrub-Steppe ecosys-
tem. Jr of Range Management,29, 1976. 
--. Effect of soil temperature and soil 
fumigation on reproduction and 
pathogenicity of nematodes associated 
with com. SD Acad Sci, 55, 1976. 
--, and M. D. Rumbaugh . Factors in-
fluencing nematode populations as-
sociated with alfalfa. SD Acad Sci, 55, 
1976. 
Sraon, H . S., C. W. Carlson, and D. L. 
Reeves . Determination of nutritional 
value of genetically distinct oat var-
ieties. SD Acad Sci, 54, 1975. 
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Quantitative gene action for protein 
content in oats. Crop Sci, 1975. 
Townsend, C . E., M. D. Rumbaugh, et al. 
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Crop Sci 16, 1976. 
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Dowding, L. D. Kamstra, and C. R. 
Krueger. Sampling techniques for hay 
quality in large hay packages. Transac-
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Wells, D. G., and C. R. Cowley. Registra-
ti on of SD 69103, Hand and Flex germ-
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Soil Sci Soc Arner J. 40, 1976. 
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man, P. Fixen, and P. L. Carson. Fer-
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ress Report 1, 1976. 
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--, and F. R. Gartner. Immediate effects 
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1975. 
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Anson, R. Snowmobile innovators: Their 
characteristics and sources of informa-
tion. SDAES Bull 641, 1976. 
--. Snowmobiler innovators: Their 
characteristics and sources of informa-
tion. Supplement to Bull 641, 1976. 
--. Social psychological determinates of 
recreation: An exploratory analysis. 
Kansas J of Soc 10, 1975. 
--. The not-so-average typical snow-
mobilers in South Dakota. Farm and 
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Klug, H. G. An ecological analysis of mig-
ration patterns in North and South 
Dakota. PhD thesis, SDSU, 1976. 
Ramynke, S. Social-structural effects on 
the adoption of the snowmobile as a 
recreational innovation. PhD thesis, 
SDSU, 1976. 
Wakefield, W. Correlates of leadership at-
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in South Dakota. PhD thesis, SDSU, 
1976. 
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Ellis, R. P., R. L. Pierce, and M. Bergeland. 
Detection of enteropathogenic E.coli: 
Budget 
Comparison of porcine gut ligation, 
suckling mouse inoculation, and Yl ad-
renal cell assays. Proc Int Pig Vet Soc, J 
11. 
McAdaragh, J.P., G. A. Anderson, and P. F. 
Leslie. A five year summary of virus 
isolations from swine fetuses. 18th An-
nual Proc Am Assoc Vet Lab Diag, 
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--, and --. Transmission of viruses 
through boar semen. 18th Annual Proc 
Am Assoc Vet Lab Diag, 1975. 
--, and M . G. Rohl. Experimental 
reovirus infection of pregnant sows. Int 
Pig Vet Soc, June, 1976. 
Reed, D. E., H. Shave, M. E. Bergeland, 
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Bovine abortion associated with 
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cation, J A VMA. 
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Flake. Breeding waterfowl populations 
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J of Wildlife Management 40, 1976. 
--, and L. D. Flake. South Dakota water-
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